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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE
PRODUCT FIELD OF THE | NVENTI ON 5 The present

i nvention generally relates to systens, nethods, and
catal ysts for treating crude feed, and to

ST DA RN o,

enbodi ments described h e to systens,
nmet hods, and catal ysts for conversion of a crude feed

FIECpDF 94t IR fonwherein the total product
] duct that is a liquid mxture at

Zﬁ Thapresdht ﬁﬁ&nt(jiﬁag?ﬁra_dlydellaﬁs tn:]) Sestens, mstieods) adevatdl wsss for

nat cphange relatjve _to the respective ropert
e e Terh B0 T G PASER BT B DR ORBEoA P BRI B
methBa4, a]lié‘\é&af}@@. Vo RhRicHRA ,'&e%mfexﬁs&ﬂﬁ.]%%fsaésc%ea h&%gl relate to

not "all ow the crudes to e econom ca transported,
systemspmetheds, add watahygtsfoncaweisiomaif « audd feed &s3 total @roduct, wherein

nky.15.referred to.as. "di sadvantaged cr s".
the FUEETROAG Tneades Bl nrdpef et s el g Sie g8 oo 0101 Mpa
and(Had bné 6fnbtdiptoferties thifark Chlged 3lhtvd TS espectifbbrd of the
the crude feed. Di sadvantaged crudes wth a relatively

crudg §Bd.-TAN may contribute to corrosion of netal

])Etgﬁw_ﬁﬁﬁﬁsoﬁlﬁkﬂgf%gﬁrti ng and/ or processing of

Renoval of acidic conponents

f r dludestdt/aveage dr Glovelesuitible pEopeRiliNg d6MeFAITA thé crudes to
b neutral j.zi ng acidi c conponents wth various bases.
e eRPRIPICEH ¥ Frptisporg. o5 Presgssed yping ganventiopal fagiities, are commmonly

refetdd & gglﬁﬁggdgﬁgﬁgiae&g#gspnent and/ or processing

equi pnent. T corrosion-resistant netal often
i nVidisadsintiged cfudesmay incheleweidiacempdrenss, thatkkentideteab the total

w3 RS TR AL P SRR A ol o
may@hiritie to/CorRilint dfefetfl cofPohits Bind AR xgi%% f%?’/mzﬁrocessing of

di sadvant aged crudes before transportin
the disprbvantaged crotles. nRemiovad afizoidia geniponendefom ditadvarsagedfcrudes may

. i. i nhi hi.t. . ti.vel. f.f ect [ ] t

invei o8 SO bt S TReoR B9 Ziny otk OB basr A BiFBely,

corrpsiontuesistarit naedale echylbeided mﬂ:_rz&lﬁ;?&ﬁi_on [dqaipehean it Processing
crudes_often contain relatively high|evels of

equipgienty Bhe usgOf cRITgHON-Fesikins msfal ogisn dvelves signifisapteexpense, and
thust{tfefuisé ggﬁo@dk@oﬁf@ﬁﬁﬁf fﬁ?taaic ﬁ %%g%ﬁhﬁar@egg{xﬁ? nBf St

usi ng conventiona sadvant aged cru e
Anoger erethwhipdnibit cgaosicmiray imaivedadditicer sfaboarosion inhibitors to

T T T R T
The @8k 6f &RrdR{dnSakibRABrsGRdyAlpalively &ﬁ&t%gg%?ﬁ%&%gﬁ t&PLIdES the crudes

may i nclude rel ativel'y hi gh anount
and/ppthe avplitymf products produced from the crudes.

Disadvantaged crudes often contain relatively high levels of residue. Such high

levels of residue tend to be difficult and expensive to transport and/or process using
conventional facilities.

Disadvantaged crudes often contain organically bound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,

have an adverse effect on catalysts.
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for exanple, nickel, vanadium and/or iron. During
processi ng of such crudes, netal contam nants and/or
compounds of metal contam nants, may deposit on a
surface of the catalyst or in the void volune of the

act | Vi tym%f ‘fqﬂe cat ah%/%{imaﬁwzgnﬁ %ﬁ%@g;%g%%n%mm
for exampdrahaﬂ{yb wasadidmcmd/oairon, Iywing pratessthgrafisgchp codes; snatal

ot .l ,‘,ﬁl Seqnagq ant ﬁag)oggfsé]lfd q?q.} cI E.t ﬁx@%ﬂa Wb eofxgjzdgé}stlat%;}sa( surface of the
cataly%%‘xt AThAi8 %mn&beCtH&@atalyﬂtg PSR gbﬂis%ﬁﬁcéiﬁé d dee!ﬁﬂena the

regeneration nay al so dimnish e activity of the
activityaefahy eatalystd/ or cause the catal yst to deteriorate. 10

ofCOBF 5, 248 el BeRg T O sty S5 P ot P B procesing
of dlsac!‘\fit{'lfh"geé @AlidesT) Ft oy bRloostly o RepBherfiRthe cathl yHE 8Nty oFd &%alyst

are not typically separated from di sadvantaged ‘crudes

contagpnagashyish1 wlcen dligh tereperatures Used dusingpiseneration mlayialgg diminish

the it BF 0BT POMERT P BE SR RSPl Lo el ™ 15

s DisRvadtagediandss i idcluad Merile Hehietal biltsCofBrpati¢ adis (for
ni ckel, and vanpadi um which typically dep03|t near the
example: GaiGiem. RAIASSHITR agd/of wél@a s inyaetal salisof ergagic acids are
not typ Rl sdar Rl OAGh Bl e ysﬁ’&“@ﬁ% dnyPAEOE] Bk e, ol drample,
desaltirtg anldéortacid wedshirtghe cat al yst bed. The dep03|t of
cant ani nant for exarr‘i) metals,in netal ;salts of
’6’;&‘0

o JRAPES 48 BYvepiienal Fropeyss Vil metals in metal
salts &%@ dcidd K8 5£ets§m' T SdhtlaRCfPREReliald %ﬁﬁcﬁﬁ‘:ﬁ? R?@Qany
hrough the bed and nay effectively plug the cata
deposgiemar e extornal surfice ofrtheantalyist, metald in metaltssltsﬁf orgguitiacids may

soos 5t AL B SRR A By e por

the catabysp beth CfShe deposit bReuntarhiagits | for@fampRy Mot BSletal salts of
di sadvant a%ed crudes with an oxygen content of at

organicsigs, 4 thppif digcatalyst §3d gramerplly regubisinom wereass Briresgute drop
throu% tgg gledc‘:@%dx%gg %Hg%nﬁ%gﬂﬂg@ e ﬁaé%?%t . @’I@‘é&?&' {38 metAs in metal

salts qﬁptgaamsacny; mapyakorapddagbivation ofdataiysts, con”pounds (for
examl e, tonsand/ r.acids, formed by oxi on of
- DisHhgiased eaydss mayanclude GTERBiS BRy2ER FORPPRIIS, AreAbmERts )

fac1lxtIeQ ﬂiat ﬁfd%e&' &édd?ﬂﬁt&geﬂ%rﬁ(ﬁmﬁl hih eﬂﬂréesi%ohfeﬁﬁhleﬁ 164sY 8902 grams

/ or may corrode/ cont am nat e equl pmant duri ng
of Oxyfgﬁ@ pmﬁmglfmdtmdm%gumg engpunter aomhiems dummmprocessmg

e 30 Disa rudes i nclud en.
Organ, FBen fom i ARG e P ibolol A Sy fbidation
cornp(ﬂ&lﬂs (fog e:tanms retcteb gitBor deRI3Sforined by Gxalatioh o€ aichols, and/or

ydrogen _ generally need to be added, parti cul arIy i f

acids @ﬁ@ﬁd Y axidation efgteare)dhatase ditiinglt to maesicdeomn g treated crude

T I N T W

transpamtttonduhydrogenatl on catal yst, rray be needed to

IB it unaat ur at ed fra(?nents
1sadvantaged crudes may include hydrogen deficient hydrocarbons. When

processing of hydrogen deficient hydrocarbons, consistent quantities of hydrogen
generally need to be added, particularly if unsaturated fragments resulting from cracking
processes are produced. Hydrogenation during processing, which typically involves the

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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fromform ng coke. Hydrogen is costly to produce
and/or costly to transport to treatnent facilities.
Di sadvant aged crudes al so tend to exhibit instability
during processing in conventional facilities. Crude

] bil.J t. t, ration o
froch B AfE GO ih60en € oSS 0 prod R ARBr SEREY Gt o troatment
facilitieesi r abl e by-products (for exanple, hydrogen

sulfid and carbon di oxi de) . Conventional,

) t ) - . » S 3
pr & ‘@gt_\gg?qe %ﬁdf%ﬁe Tend toprhibit justabilkity dhgiag precesting i
conPérftid tﬁciﬁﬁ?s‘? crdbe ﬂg&gﬁ%?gﬁfhsgﬁ Welg1t%h gg&%étnse?%ﬁrgﬁon of components

significantly changin her "properti
durid pesbessin gagedrdommigionfed undesirbleby-prarivent(fearahmple, hydrogen
u]ffc%ocesses often |ack the ability to 10 significantly
diEstAAf cRnhon d wvant aged crude while, at the sane

ti _ . . : i
 of "R pRchaf BeBAL A Achiadk BESHIRG 1 CRAYe o/ BRefl ity ina
disadvantagedrcadesyithout alke signifuntiy champing othdeproPerties in the

. _pQrocesses for, inproving the,quality of c¢rude incl uyde
disel ATl ok bl ay AL BiostesP e fagk fvatiipe
signifedaditly reiRECTAN Rfa GRS EE@GI%EQWHJ’I{&H&' the s&&@e i e, dnly changing

di sadvant aged properties. “Addi ng dil uent, wever ,
by aglegisechamgunit theraoateat ofeettain odmponeats (sych ai sy antretpd d

tﬁEH?ﬁ cast f diluent and/or increased
conc_os s%)g&lﬁlgtrq?dﬁagbﬁa&%aa dvant aged crudes. Addition of

di ISoefe processes tﬂcbﬁiﬁiiﬂ@ﬁh@ﬂﬁﬁ?lﬁﬂiﬁﬂﬁf ¢alle iﬂc!hd%%ﬂinﬁ a diluent to
'aailgattnz%tehons’ decrease stability of such crude. U S.
dis Eles 19 Igwer the weighteessak of campenents @niributinggo the
disal¥bap ies, Adding lase i
st Slged ShorRities Ay 00 c 88wk R AR iofases sopts of treating
disadvanfage8 c8@es dBOtotthe dostsadft dilueht ald/or e ddedad6tstio handle the

et, al, . ..and 381 .fo_ Tanaka et_al.,

. h . , .
disagiyan tf’ﬁ@“’é’sfr-i%@ﬁﬁ? BE@ 7 to §9§P€Y@}agaa&ﬂ@alam§% gomeg

situsfbiofs,RGleR® sebUHOf sudheridocesses, systens, and
catal ysts described in these patents, however, have

i -3 deptend Plos.caif 1,93 R to Susbakaret ak.; GRATT268 tot Meyers et al.; .

05y 885 ERaDCO. ST L S5 B4R Rt o

5,891,769 es Traehte et 8l; 3 GI6Q@0 Trachtabi Meland 555, 384ANo Tanaka et al.,
t,Endency to becone unstable during treatnent, and/or a
descrigf HeRUF PrRsesses Ry ginms aadaatal ity for prepessing ardss.oThe processes,

JH i . t t | . e
s A SROERIUS oGP B e LIS B iy
becausedefsnamgbiféhetooipiced problérhe setefurthpbeve. 1 esi due,

T e T L -
relativeBaiER WgQéhdéﬁér']Spﬁ%g%e_ﬁEﬁ leRuPi roéra‘iﬁerft,eé}ﬂ/(;r tendency to

cause problens | conventional transp at1'on and/ or
consume s¢latvely faegs dnavingsgf hiyded geni dugingricatnee) Oter osdesirable

t tolif i ng, /
propfifes ERAGH RN Blen npabn i B e iaaitisnfitior Rrampte
residub e gariicalls bouANhéteroadinse SRR EbAtaHarite GHethIS 3 pides SartsWf
i mproved systens, nethods, and/or catalysts for

orgapip AGiE.SAndier erganicoxagemeagpennssh d¥uchi properties idad fr cahse poblems
in cotbdfional transportation and/or treatment facilities, including increased corrosion,

decreased catalyst life, process plugging, and/or increased usage of hydrogen during
treatment. Thus, there is a significant economic and technical need for improved systems,

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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3 nore desirable properties. There is also a
significant econom c and technical need for systens,
nmet hods, and/or catal ysts that can change sel ected
properties in a disadvantaged crude while only

o | §3 vanﬁoéa@ggngi&eeg % g es?ﬁféﬁmal need for

systtmgantthods afld/se dtklosts tar ea:rb}&ﬁglﬁeabét&d pRIpeftRsi®a dlsadvantaged
yst.ens, nethods and catal ysts for conversion of
m%r q@xaelpraw&m Qhaagmgroaw propedigsrindhadisadvantaged crude.
&t Of 10 odi nents, non-condensabl e
d herein al so generally rel ate

t o Inmnhrpns describe lidpeinh ghnarally ealatt ts eydmgirh@hedsaind catalysts for
nts therei n S ch con‘posrtr ons can be obtai ned

conwm gp § crude fegddp dustcRBREsings Fupe Bradeetand, imspme
embBlfindcY %BﬁJcBﬁHel%éb\ié g&s I dHRoNO GesB 1084 RN A6 Berfhalffrctate to

product, conprising” contac cru
comppsitionsthathaye nevel cbmbmaudna:d amnthtsphcrdimc tSuch @bmpositions can

. de erein the crude product

be OBW%ydﬁWqﬁf ngr%s gt%@d%#éc i, the crude

f e cfthe uentitn probidls Aimeéthod S5 i e%fgoél i Yonf}
sr ze | stri

the catalysts having a pore utron w

contﬁgmgaqrprp@e feed iwdihenngror imore catalygte td pooduee aAotnbpmﬂﬂctAhat includes

e 0%,0f the total .nunber of
Hhdd prBludr PBrerbitnd P o4 s 1Ry AE dhasntt i 0.0t mpe,
the asiidenfiend B 8T AN 6f araetisa0.
) i ed| s?ﬁq%utl on is as dg?gﬁﬂ%ﬁﬁﬁgb%&%ﬁﬁsﬁh%apom
SEC%!F tiog Yeith-amedian ppiegliaretening mage St 99 drio 180k muaat least

G041 Bk RS A i

withxSTMNAME theomiedi6n pore 2Aiarieter, whersin pm sitesdistpibauol Bas@etermined

: 0
S1H2

e

by AT Ricehon DA ot St Gonioet mehhgiabecnde

prodﬂéﬂﬁbl G AN bPhthoR OO the TAIN biftht WHGR feEcF‘ q%ﬂ%AN is as

duct, wherein the crude product 1s a m Xt ure

dete@rmgtbwa‘m Metlgd R6Gt. t he crude feed havi ng a TAN of
at ast o e of. t he cat al
por i ¥nonis oy BBF b avodanih & e Purdi o P
contating a&&tde%ed%ntﬁﬁnéi 6f @8 aeflydyioASTbihedes Bl pteatef 42 includes
H-}Sff/'l t he cat al yst having the pore size distribution
the ¢; Hg%cfuc éqzhe@q,lg edﬁu%mrgdl}qtls a Hquish mixtge @l 24 PGeed 0d 01 MPa,
e R A0S, 05 B TR pore i
dlstrlrbummwah atmﬁhm)]bqre dintheterntf Iat)lehst 90 ApaH detdridifed by ASTM Method

s S N R K
0.00@SrEeik & 008 Mof‘\ar%ﬂ% pr oy 0 4noredndl ?Bcéérfﬁ}‘ra@%rﬁr{hnds,

al so provides a net ucing a c
calcudaserhas weight of melpbdenting gr mixinred thet-eaft and tdmtmmng)tonmtmg

cond 88 e B A RS Bk LIS e

feed, wiatdinl TAINC s\t @eRimitied Gy 209N MQko dfif664, t he crude feed
having a TAN of at leaSt 0.3, as detern ned by ASTM

Degle inygntioaalse reenddesra method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, as determined by ASTM D664, at least one of
the catalysts having a pore size distribution with a median pore diameter of at least 180 A,
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the catalysts having a pore size distribution with a
nmedi an pore dianeter of at least 180 A, 4 as

determ ned by ASTM Met hod D4282, and the catal yst
havi ng the pore size dlstrlbutlon conpr|5|ng one or

nor e al 6 odi c .Tabl e, .
as oBrpRE T AT RIS, o] ok e Yot bAT0E phepinescd dstgbution
com@fisihl end6F inoft MetARFod COluntH 6<bﬂl!h§SPerioHﬁJ"Pﬂfle, ABGr more

control ling contacting conditions such that the crude

comppunds ©f opgier moreAngtals fgpm Solypu 6 fo%ecﬂel‘told@ Tk, of nyipures

e R 55 DR BpP 5 L BB Do M g ot
mosPI3d o€ thedT ANGT W&@ﬁéﬂ;twheﬁaﬂMNlmﬂs det&@ith&Fby AGTM Method
crude feed with one or nore catal ysts to produce a

D66¢ot al product that includes the crude product,

anacishiigh A58 BEREEfins s nidtihd s Bifileg B cOraprsing

conthc&mgta diudks fead wathtone ot Motk diyalfisid j&ﬁﬁh&da %ﬁ‘brodmﬂ tlth mcludes

h I
o 45 o S Sl 5

th
RSSO 380 TR AT B
leastame wthe Qamlwtscdmmmalnm ot thoré midials Bent Gdlutnn § abtle, Periodic

Tablf i s kG PSRBT PURTHCIAS T dromB oM Grad dbe Periodic
Table, @ meiRturePiRerevh @h & [B) oe 'Epin%{-c ﬁl@kl@ﬁﬁfn A @&f{ﬂ@ Plﬁochc

nmetal to total IS in arange froml
Table,pne pranare n@mmundn gf @mmramrre mgeta;le rfeting Cohans 40 Imf thmRenodlc

T o B0 S VA 8 o G e

ColuAﬁ‘ﬂiMINEﬂ iwoiel aafgk froh @ th Nl c@ﬁtrallﬁig et aoﬁdlﬁeﬁm:@h that
a crude product r;gn si ng

the ol PR oL e DARLALoF 08t 006 it AN ohibeersde redls wherein TAN
1sasﬁé@ﬁﬂiﬁ%dﬁ A@ﬂhh@&ﬁ&&*ﬁm hat includes the crude

pr oduct ereln the crude product is a liquid mxture

at Tl%ln@entml ﬂsolpiﬁvﬁﬁ?aa methiod of prodercimpericrode progluet, iprising:
| east the one or nore cat al

{ .
cont@¥ine R 28ids et withone prpdR Selflforofie 7 Rilprodupiibptinctudes
the ch@é uch) e&hegéiﬁ Merudel fréduce &tﬁhc}iﬁa mikhREW PAO lna 9 101 MPa,

ranms of. one or nore netals from Col um

the Cf'-ﬁ‘é f@@r%laam&ﬁ TANI of at isass 0%, andihe @se wranmma@éysw cammsmmg (2

o rof B REIR o SO B 4 B 1 sl oY o 006

gramaofl opbor mceenetils Rehdohshn 6toha1e<mﬁwmc mslal Mfelortidorend,
st, at | east rans of

er gr m of second _cat al
comguadF s, Tge ERSPLy RO Coblttig of thy Periadic Rableqerlesiated as
iUl 0 SR Db B, B £l Bty bving,

per gvm ghsecortd catalyst, atdeasnd.f2 graess dthene of moandeatsfromalCdlimgn 6 of
cting conditions such that the crude product
the PRORE TR TS OB RS O Do PRI CAISHEOTB A 6 of the
Penoﬁﬁ%blé’"@ﬁ&ﬁl‘aﬁd-ﬁg‘uei ght ?ngﬁf o méﬁ%ﬁleg’%er%%g Mn%[)ﬁ@gllmg
i nvention rovi des a cata
conta@bmga@mdutmu sudothptrthe crude p(cnﬂ)lcidms a0F ANoofent most 90% of the TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

The invention also provides a catalyst composition, comprising: (a) one or more

metals from Column 5 of the Periodic Table, one or more compounds of one or more

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material



10

135

20

25

30

metals from Colum 5 of the Periodic Table, one or

nore conpounds of one or nore netals from Colum 5 of
~the Periodic Table, or mxtures thereof; (b) a support

material 5 having a theta al um na content of at |east .

A thetadlEmidh chhthtebrak lé@btr!ﬁl Hfahea
lI%ﬁt erial, as cdet erm ned by X gl%El{asy di ffractl o%&%mglofsuppon

mateyiple asadqienmaeddm xrapsdiffiacsion; andrwhereinghe datalyst hasta mome size

dlsmgngﬁ%l}\mtﬁg %@ FEap a?ﬁ%é’gaﬂ%%?go;aﬁ %ﬁ% i I@SITA%I%

Method@428es a cat aI yst conposition, conprising: (a) one
or nore rmetals from Col um 6 of the Periodic Tabl e,

onEhespvertion alserppeidessn etalpw @ompastﬁpe, corapriging: {a)ome or more
mecaf ATl bR Babb S EeBlCor el B hESAE e

metalsffrcmh CoRmat 6 Of the Pediodic Alable) i ﬁnﬁbjﬁlﬂﬁ@eﬁe (b)3 shipb&t material

support material, as determ.ned by x-ray diffraction;
mw%m WF%@IMI&FW%@@S@@ ta pluaning per gram of support

mate 244 et o o PR AR ATRL GG 86 e
dishibummtb a raedian mr@dlladmmr of atitast 23(}) A ?Bﬂe&rétoulmd by éAS'{CM

1 ﬁ : rom m 0
Methp iﬁég: ggl c('??abloge lg:]errg:em:rgt 2o?rpou(r)1d§ ofuone or

o ik A AT Bt OB P ) e f o

metalg deonp ColwomsS ofihp Bariodic Jableneneoor morescompioahds 6f ane or more

| of t Per i.0 Tabl e, or m x es ere
metals ot Bofttt s bf\ie PSodie Thblo, P S e el AR ColGhE B the
Periotic Ribld, 666t rﬂorb BHFEnE oftone b nidrs! Meokds B OHMMOS of the
sup ort material, as determned by x-ray diffraction;

Periodicl ahlre pemixtungs theznoy (b & supnortmpisrial kavirg atheta alpminagontent

of ot Bk & ERES of - Bel ol REE R oRlyeBon B sEhapfied oy

difﬁ'aphimladé whare[refhb @aftabyfst lasadhee Bige disatbutionsvith a m‘ﬂdiansr.bdi?@

diam et o a0 B8 Betsrained A IVMERod B8R: compr | ses
t Neeanaintbh B0 pAIViHES '&%&ﬁod@{ ﬁo?ﬁcﬁm Gc lﬁh%omfpnswg

conpri sing one Por ‘more
combpping asuppomtatitheoneqwanaye mmalstmfompmmponﬁnﬁnhnmhemm the

tals. fr lum 5 of the Periodi
suppdfFSsiigkisks Gl ARUHITE, o lon i bt PitaRe il Bins Sing ppe g more
metals BOROCH RIS the Réribdo Thbla, dzﬁ'ﬂ? 9{&& b tpeﬁmﬁ of RRDE nftf®
the cataly wherein the catal yst has

C. and f
metalaﬁeg] %01§§1;12 Qa’rg the Peringtie Eablw qr ixtunestithsreofdreat ueaémgttbep theta
tomi s pord T B B T IR KB e

catalyst, edersimthe &aﬂaaﬂsalhassatpore sigpdisgibation veignd ir2de prs digpRtdr of at
o forma support/metal

least ﬁofgmﬁggﬁh\%}&e iy ﬁﬁ@%l ?%L@%Qﬂgﬂ conpri ses theta

o MR nUGPA OBy Bles Lt of b ERAL Y SR bR HRnE
combipireg msuppor evithame @u ndse nfetaixm form aBupport/metal mixture, wherein the
support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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metals from Colum 6 of the Periodic Table, or

m xtures thereof; heat treating the theta alum na
support/nmetal m xture at a tenperature of at |east 400
C, and formng the 6 catal yst, wherein the catal yst

catalfih it Tt 1t b3l bl o RF Bl oo et ofa

leasMR3 M Adad ¥e2dhinet tey ABSYBOMettibddD4282pr ovi des a nmet hod of
produci ng a crude product corrorl sing: contacting a
cr vkhe invsagionzals peevidesa methed @ P@ﬂw{lgapﬁlﬂsm@ade@, gomprising:

conkl B RYGH ind BN SH 3SR P e

the anmde ProliQdt, Whereid the cmdteq:eodmeﬂ: diuidgrizerurtAN26f°Giiind 8461 MPa,
at | east one of the catalysts ggé]éng a po e size

the i SR EVIOR ARAN SHERT 8, Bk GRanEe aafysie e ¢ pore size
dlsn]iﬁ'gﬂqﬁ st %Hﬁhﬁh&q Safileef S Mle %@st rfqb%%&ggrbﬁ’y ng

cata aving -t e pore si ze ution conp
Methbé: DAZ&I wandl mize camiyist having thenpore size distribution sogirising thetafalumina

the Periodic one _or nds of 10 one or
and o3 oF TR IPEials 1 GORTAR 6 6% S hemiodgolaPlaBe L HaEe pmpOunds of
one Bk Xok fiStald B ToluAh @ of B PerRdid THHIE @R hpkiukédthereof: and

condi tions such that the crude product has a TAN of at
controlding o0tacting cohditipnssush thatd¢heerudeproduct hasa dieNrof Biost90% of

the PANER ShdR el momri I SR i aretingly DRYdRod 028

COIMhelifveRtion alte priiddsitméahed bfifrolle@sly Weklde pREdat, mﬂﬁlsmg
catal ysts in the presence of a hydrogen source to

contgeting A erugde fesd yrithpnsqgepore ﬁaﬁalysmn theaesenee of @y bafdrogen souxce to

prodlcR 94 prl g S NGB 0N B bR % o

liquiat mixxare tat 25 3C ahdh 6,108 Mk teerdddfeed having a TAN) @f ac attd3, the

f | east 0.0001 gra of o n per am of crude
erude fei! haying an oygsR PomiFRt gt {Eﬂ%)%ﬂﬁé@%%o B9 Peneyagt ef crude
feec§ hﬂ@aﬂé&sﬁ Bﬁebéltthé’ E‘atﬂy&@ hﬁwﬂg Q'pﬁfb é?ﬂar (ﬁsm@hﬁ(gff—‘kﬁfh @fneﬁfan pore

[ east A, as detefm ned M Met hod D4282; and
diangaten of ot 1e|a$tg?02®, asdqtmnadg)yo@%ﬂdth&dhed D282 cunsbeontnlling

confiifh SoMight o BRI RNEHE ! B2 b moiistfte 4 TR0 pERthost
90%0bf the TAN 6f By ¥ARIB feaNhid Hi r@@uce@%ﬁtéﬂﬂ&ﬁorgwb dx'?%én téiRaining
crude product has an oc%/ en content of at nost 90% of

comppends suchyibiat he srudetpredu anrQyeer eutent ghat raost 304 of the

oxy?% ‘g)g {e e e@%gﬁgé Q’%T%% ﬁwg gggﬁrﬁggcﬂ?% e | nve n%ﬁgﬁ D664,

and ak ggengoni¢ntie as detanmlnedi by ASTM dMgthaGE385cr ude product ,
co r|S|n one,or nore

conaclngac e feed wt
cat F%‘tegg% 59 BBD’&‘ISSQ efhod fgw disine 3 Frafe prRiyshsomprising:

{
conth&glgq éf‘rqn&exft‘éﬁg gﬁtgltonf\sﬂi‘ %’icg‘% gm%ﬁ%%& kﬁ/gﬁu&r é)ﬁ'téﬁ i:)rb cﬁ dncludes

the drade prgduct,Twhérein the civdaproddctlis adiqdidanixheest 2DRE emﬁ:'l (l.lrﬂi MPa,

.havi t al t
the GEASERS bl p 1 My aB R pachd Chrilar SR ene it bornly SR tawing, per
grarh Bﬁca%ﬁyé?eitlléﬁit 6.00 ﬁ@faﬁm d%“@neQ!ir ﬂ&é%&ﬂ?ﬁ@ﬂl@éhﬂﬁn B3¢ tHe'
nmore netals from Col um of the Periodic Tab

Peripdit dablas eng cranare pghnpomfdsnﬁ one or worermatalyfom Gféumufé of the
Perigélg Tﬁgj@f Ja?éullétgcgas weight of metal, or mixtures thereof;, and controlling
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b, and the crude product has 2 TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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contacting conditions such that a liquid hourly space
velocity in a contacting zone is over 10 If , and the
crude product has a TAN of at nobst 90% of the TAN of

the crude feed, wherein TANis as determ ned by ASTM

Met hod DG%. @I The .i nventﬁlga Isz&gg.r ovi des a thod of .
or e aRFRiGn afso oyt method of pradubing 2 cridspradtngpraprising:
confa}[:tﬁ%a ERAE fdtWitOBRe &Y m&‘ércﬁtggﬁiﬁh% %rteéécfhc(e ¢ 8@1&@&%&}5?0mce to

o‘ahydrogen source to pr ce at product tha
produge ladetebprotuctdhatdeclpdesdocendebreductnwhere i thedender modudt is a

o g g G o7 nEe izt e Bevige o TN e f et U, e
crudesfétdBavinga kil ir coithestat Rlasid. d@(ﬁaé'hmg of SRR %nglf)f crude

sul fur per gramof crude feed, and at l[east o
feed, ped atdeagt pae of thewptel ystsirgmprisingongor monetretals froon€olumn 6 of the

- 6 I.odic -Tabl
pecfc {381 ik gl oo 8 of e iy OB GRRAREH Bl e
Peribaic| Tablep br iintines erédfeiriiontraitg Gonfatipld EoxlliGEHY saeh 8 during

condi tions such that, during contacting, the crude
contagiing, th andastend NB@&?WOWF%@@@M aéag@lgee@dé@tertguénblb phase
sopd TR PO ot BB s sl BBy Pce el B ormore
e ho 10 A o ok oct SR T Ao el op ofte

roguc | a st. 90% o e 0 e
Taob e wfegffyfe@%agﬂwecre«?weﬁwngmes agaifigpntent o 70y 130% of the
- 0 | f ;

sulfeQidhRRt ofthe Egld%%%é, Whe}elﬂgTAﬂ“ﬁE a4 Hﬁ%ﬁ%@%ﬁ%’{?ﬂ%ﬁﬁﬂﬁ%ﬁﬂ,

f eed, wher ei n I's as determ ned by
and p@Bx contentiis 98 determined by ASTM MethatkDd2M.ned by ASTM

Method D4294.. 15 The invention al.sq provides nmet hod, .

of THF SRR 2l Braies bined O redibiinks pipde edcbeorigising:
contactiigid@uiefed WithorR R nire ERAES B 3 Hepésentof 4 gaseous hydrogen

presence of a gaseous hydrogén source to produce a

sourgg forodicsch fotal prrsiucy that ineludesithe crude grodpict dtherein dieesrade

prod SR S5 o8 Ll e B o Bagions
such thattth¢ bmde feede dfrbercontict, iupgkehidacgen at pf Rlc@tedmidriogeibit
t.o, i,nhi bit 20 phase separation of

t | d t
phast%ﬁggaggtﬂeﬂi’e’?ﬁ:f{‘tg%ﬁg“gﬁ ?‘feﬂg?“&‘&ﬁf?%‘_@?‘?t- The invention al so
Pr g%k SR2nBodTRIES Bfbvities A mdhisd %lgga? ich Wc{?.{]dg g:g@iruga comprising:

conmpri si ng. ant act | ng a cCr en rn
contadtingirasudmised wiithchydragen imthe prescndeyaftone top npore datalystseto produce

o e 408 5 o e
mixtlreldd 25 FMBAind DD ICHIPIAL; @hd bétroleY dmtdcnfg 66AdbALHRh T fhe crude

that the crude 25 feed is contacted with hydrogen at a
feedii poptactsdowith byidiogematen firstiaidrogsn uptake condition and Swnmtd second

hyd Qe A SORLHER, AR Aberd Bfiele SRS DistBRyE fom he
secongbhpdeogaroustalts eonditvnganiiet hydto gaeuptaled inkle iffst hﬁlﬂrggfﬁ fibtake

cE‘ydr.o en Lﬁ)t ake condition 1s controlled to in
condiqps Gantplled te inhikit Poishierad p rudsriseritotal mredust mixfugmirom

. b g
o 7 B norB R r s O LB i AR Ry peguos
90%tréletiveetpithe taspectiva ene br morecprpparties ¢f ths crafdetflael. cr ude

feed.. . .
”?ge invention also provides a method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts at a first temperature followed by
contacting at a second temperature to produce a total product that includes the crude

product, wherein the crude product is a liquid mixture at 25 °C at 0,101 MPa, the crude
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'+ contaching acrie faed With opg PrESTeLa

The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed

with one or nore catalysts at a first tenperature

followed by contacting at a second tenperature to ' -

fecd iy TAN o ElenRone 460 ety Groticie ORabRich ot the firs
cont@dtingFesapérainiide kG 1MEIB0 ‘Cower thif thPseb6RTlcdimacting ténpbfiture, and

of at least 0.3; and controlling contacti n&hcondi tions

the cxudstorofiant bese TAN ef at neash9 e uelative tortbe TAN pfthe cruge feed,
ek BP0 8 o hefed DEASATVBRROGE™ 110, o

enperature, an e cru

o The 80ntied abo povides bethoNfhodudtneCd ertlde pRAMst, comprising:
wherein TAN i s as determ ned by ASTM Met hod D664.

contagigiaRradt feah withone oF mpreeaial ysthia producsra totabataduptghay includes
e e R e e SR

ne or nore ca Ssto uce a
the chidet feedbavinies TANef atlease). By thel onide fodichaving 4 sudfuc content of at

toast 800 e o Bt s srgmt e dechnd altst oacor bp ekt
comﬁl’?ﬁﬂ%{iﬁ’é/ o' ¥lo méthik tﬁropizegl tqt o t&@t’eﬁb&@%}al@; G} nrans
of s eed,

ur per gram ot crude and at Teast one of
compdurds af ahe/ert rsoreGneataln s Colgmnrfeofithe Periedicfable sorfmigmres

I 6, of. t he Peri odi g .Tabl
theregf A BopteSligh Somarinedop AT B AP o ogut IBRT AN of at
most g Bf tHeT AN BE tHeQPude! 86, 384 ihedPalieCRBHEQ@ hhd B Sulfur contennt of 70-
contacting conditions such that the crude product has

130% of iy sytfupeontent of thegysdsiiesd, svhemiin $AN Isas detsrrpined by ASTM

Mt DS afif #ifr BOAENCS of Flerthindd brASTREMEgddoaat 13"
| sThsinvehtomalsiestoidedDRivthba ofiptdiudi deprddsct] dotiprising:
content |s.as determ ned bMSTM Met hod D4294. The

the cRIARPSduct, 5B h S Wude %‘?g‘ﬁﬁg 4 Rguid nﬁf&ﬂﬁ@atfd%g’? ‘"}t”ﬁ??l P ®1Pa,

.or ‘more catalysts to ce atotal pro
the cinnlel feetbavingwe TANUefat peastdLL, tthe ovude fed having arrasiéueprontutttof at

i Liquid.mxt t. 25 d 0.101 MPa, ..the crud
teast 0l Graps e repidhe PRRE G Y SfcTiieed gnd o e Caf e payst
compaig\GhePor hsre #itals RBHEOSuRh A3f thePerdi /RS Tallle Jor /R Hﬁ)fré?f

resi due per gramof crude feed, and at |east one o
compowiads of eneyartmore meials SomfCawandrofitee Beninstic Table,ron mixtures

| ) i odi ¢..Tabl
e T Rofyoh O g AR P B S A o
most bt of the TAN »f the @udetibs, GRfcrudestodod haok tdside content of 70-
ontacting conditions such that the crude product has
130% ok revidug confept of the orugde feedeandawhesping HaNds adeteraingd by
r : Ay / e
AsTA SR b le s SR E SR ST e hg P
TAFhd inversionelsorprovides dmethdSofpiddtitiag abeGie, pradidt, comipetising:
cantent j et erm ned by, ASTM Met hod D5307 The.
contaSie eTuls Ferbwith PR Prmmere salbishon PERdSE 6 4rTa) prgduet ol bgetudes
the cRIde Pesduct, GARRY A ﬁie%deg?ga uﬂs' dhuid ﬁtﬁiﬂtglreco% es dC}ﬁhg p.l@ﬁeMPa,

or nore Cf':lt al ysts to ce atota uct
the crude iferdcmvingresT ANudat [sagi i the awhds ferd havieg a AUGR cpmtartuof at

least 03 garallnls U J\/%dn pt)a(rt gllj'zgn% o?tcru%lg f&d?glgd g'lela%g‘ on'\ép oaf the catalysts

comprising one or more metals from Column 6 of the Periodic Table, one or more

compounds of one or more metals from Column 6 of the Periodic Table, or mixtures

thereof; and controlling contacting conditions such that the crude product has a TAN of at

ol medusesdotel prgductdhadpcludes .
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30 the crude feed having a TAN of at least 0.1, the

crude feed having a V& content of at Ileast 0.1 grans
of VGO per gram of crude feed, and at |east one of the
catal ysts conprising one or nore netals from Col um 6

mogo0tshe TR & SRetredniped méﬁ%%ﬁ%%sqcﬁ%ng ot go-130%
of the Y5GO &htenit BEIHR UrudedBel, 2AM Whelid Ve Ot 1 agqum?ed by

condi ti ons such that tRe crude product
ASW;&O@MS@T the TAN of the crude feed, the crude

t. h VO 30% f t he VGO
Cor v R AlsS ErRIA B hon AEPFILREE A SO R b Forasising:
con&émigeé & fd vith ot ¥hdYe Q:H@E{SQ@@ %du@@tdtﬁl‘ﬁéiﬁdc‘t)&at includes

al so provides a method of producing a crude
the ergdeppiodnetgwherethe goxde mgochwtmdmuﬁcbmmtwetam 25 f’@ anct O.ritﬂrleMPa,

the P oy AR 47 5 ot B e o e DR Fobtninable

by: trabinihgri sabpsre with 028 oEnié ntaldfoN D lumb B%fq;eb!nﬂ&mﬁf@@‘able,

having a TAN of at l|east 0.3, and at |east one of

one o merdcampquads of onerpsnere mejals SompColumyg anfghpbmdlwriahle, or
: of Peri9
i Bere B PRI sl P CRGHAR, i Sl el i By peating the
cataiylrs]t)pm@rmrrm e prglsehbeoﬂﬁfel diltincﬁre Falfhrecontinid® coth fl.hhﬁ@ ata
t here uce a catalyst precursor; and fornmn
3%65%395’ 1 dpongilin ing gontaghing qpaditiops sushdbat thercidle
proRCERARCEAN of Qf‘ﬁlo&r%%’ Bfathﬁ g'AIN' bf ﬂl%'?:hﬁie conpounds at

a tenperature bel'ow 500 and contr I'ng contacting
c orfdie inventions alst ptavides o mectbod cprogucing i trutie produ&?ééd;mbnmng

02 he TAN of de .feed
confisplRuie 4 bR B oS P B oE Aip yeishatipcludes
the @idei6duct CORGEInTheGrude %ﬁdﬁ@ﬂl& a%iqhiinAnGE LS dcehth 0B MPa,

one or nore catalysts roduce a total product that

the gridq fgerk Bavinga viseemtiy of .abbasfctl 0 ot 8t B7.5 °€ K0\ dbe pmdefeed
A B8 e e 55
mor( ﬂ:@&lsﬂ‘)'omtﬂnéumn tﬂdJld!’ tlfedtﬁwlodhﬂpz}lilut] r?ﬂél o:“itﬂbzlregcfo?Ypoﬁmdchf ddle or more
eas 0 e catal ysts conprisin
me*%% qﬁ%flg Gfdhepesiodics Rkl o pixeestherpar; pad w@nﬁamg ’
conﬁﬁﬁh%onﬁﬂ@nﬁucﬁ%a@ 311(94)3&;? @159531 §QC'B?%% Fost 90%

from Colum 6 of the Periodic
of the yéscesity: of sbricrode foed at 3'h§ °Coamt the tindg pm.ﬂudt lhavm@ansAIPh gravity

of 70184 5 She AR B oS o whESH Al S s daiprasined by

ASTSI Masichdt h63201 a&dﬁvﬁd@,ﬂyféagf&vaﬁ%@m e&mrm&;w D2869,
70- 130% of t he API gravity of the cru e feed, wherein

APFhejinyention alsp Brgwdes emethoddf ippoducisg avede prddBB @M prising:

cont%@ﬂ%%é: | n\s/%éﬂ/l on°a$ % %}ag%sgs @%‘?‘ﬁgé t‘ap g%&q{dngludes

the cnrdegpeoduicy dileiein derpidessrodict iCHONGEE hiiRGreat Y5 eeadki€e01 MPa,
th t} (ﬂg or more catalysts to produce a total product
e chﬁ’tﬁ eqdhavingas TANRS at Jegstd). ]pra@éfﬁ]é@t one\gi aResE Ratalyets somppsising: at
t
leas B Syt pfbrtlef fladiutl Hicodhort bofipifas ot gl rmicures
thereoﬁ and an additonA cathlyst, whemil’pthesudﬂgwnﬂtcatalyst comprises one or more

Column 6 metals, one or more compounds of one or more Column 6 metals, or

combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664,
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| east one catal yst conprising vanadi um one or nore
conpounds of vanadium or m xtures 30 thereof; and an
addi tional catalyst, wherein the additional catalyst
conprises one or nore Columm 6 netals, one or nore

co e or. I netal s, ,or . .
co FEI n atq %ﬂ%& a?%&rgw@%ﬁlg&g gﬁ?‘n P}'ﬂ%f-‘F 2 pileRrpdyet, comprising:
contasting & icords feadowith bag oif Merecataliststo ¢ ahaal Frodidt 1Rt includes
at .nmost. 90% of the TAN of the crude feed, wherein TAN
the prydg profuple MWherriy thepudespraiug isrioénuis suxtugeat BASC and 0.101 MPa,

i i j ' rude .
G0 02300 MO 500 T SR g
andepnimolling cantadtingt contlitiops euthdleat thd @héd prodesbat a TN of at most

inclu e crud rQduct erein the crude product
90% Q¢ A, ol chidi e st TANSGS dotermingd by AT M Adethod
D66y ude feed has a TAN of at |east 0.1; generating

hydrogen during the contacting; 5 and controlling
corkhganyention elsdiprovides smethod bfprotieing b eelrle pratics colpsising:
N. of .a st, 90% of the TAN of the crude feed, .
confletils frod oS oRrBrprie REGIYEY INEARRER UM Prosbish ot rgludes
the XN Piodadt, FherirPihe thi préulPis ARl mBERR U D59CEnG DR MPs,

product, conpri si r‘;%: contacting a cru eed wth one
the gpdorfsed having pyIAN of at loas 8¢ sndhattleastbneoftbie catalysiatcomprising

| eproduct, wherein,the.crude .
vend B or e BpS I PGS, ordEhringrses Sndetintatins
contactirprcondtidnk sihtfiatcs coiticiihg finpefisie i9atleastDO0 o, 4n838E crude

ne of ,jta&g catal ysts conprisin vanadi um one or nore
ProdugthAS AN oF 2 BoEcA Gt Be TAMk ol ibesridedeeh fhersia TAN is as
dmﬁﬁﬂ%&g%ﬂgﬁmm&ﬁg@mg conditions such that a

contacting tenperature is at |least 200 C, and the
cr (ée inyenbomualso pawides Bahethdd oftproing?émaé piddaci] dinpfising:

the crud eed. . wherein TAN.s as 15 determ ned by
conth e it S SERIa8 O AR O PS80 AP o petiagludes
the opidensrodutt| Wikrdindhs 8@d8 bRAUE s a HYHRAh&XhRE at 25 °C and 0.101 MPa, -

contacting a-crude feed wthone or nore catalysts to ’

the csudsfgedhavinge FANpHatdeast 9. sandat ddastire of theecatalyste comprising
, ' h d duct. i [iquid m,xt

vanaflffydipor 5% 65t s OF Vi ixtpfis el i ess

comprisiag a hpdreperdsolrceadidinglcohi@atidg, E¥za FloW Weit@bravidel $n a

e R TR et e st o
b RIS UG INg SN I EOS U TAREY Bonifo

wherein TAN i§ hodeteiminedby ASTM Meedwbd éEE. cont rol | i ng
that the crude product has

) gt
o B A R St 185,
contadkigp aichudbAbd Wwithoné 6t flofd dﬁ?ﬂys@’to@%%cg?tt i 04 theft Tncludes

The invention al so provides a ne ucrng a
the caydg peodych ahsrein ghenqmdesproduct iscoliquid mixmyreat @58 @earkiee 01 MPa,
| re_catal ysts to. pr a total oduc
e ek e BB PR S S OSSR oo

gramp, b dast oriesofahd atalivsls Bbnhridify MnadRint; 088 dr MrotdordiRRnds of

vanadium, or mixtures thereof, and the vanadium catalyst having a pore size distribution

with a median pore diameter of least 180 A; and contrelling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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the crude feed having, per gramof crude feed, a total
Ni /V/ Fe content of at |east 0.00002 grans, at | east

one of the catal ysts conprising vanadium one or nore
conpounds of 30 vanadium or m xtures thereof and t he

havi ol i ze di st n
o T HHR3h A oyt oo RoR B o e § Bl pPde? Bomprising:
contaolmtg mbﬂulde Geed awittasiiel o Gnate balialysBN6 pfodube b kol prb&uct ﬂie\tjﬁcludes
duct, has_a total N /V/Fe content of at nobst 90% of

the Grhge RﬁOﬁth@fh%m téﬁ eruge prqdvst adimid mdguragyés §Crnd 0. 101 MPa,

E e
at IEN The ?}Kr?v ent o n a ﬁﬁl OVI es’ gnérJré xﬁ%&“@o&fﬁ pr o‘gﬁj ?6 ﬁaacgum, or
mlxmrcscthelpoﬂ mmudm@compm@ng omﬁrﬁcfel alicaliametalighits bE6sk or more

ne or nore_ catalysts t produce a total product
°fganFaﬂ°1 SpBRY pfgROreY 18?193%'1 §elts of (e 0B More prgaBic@eids, or
I eag;%Ei &g%feﬁn?ﬂlteﬁgwg at a yst Q:t ri sf"lq’ngl Ev!af%%l %&H}woﬁéeng?f

alkalimpesalc andbalkaliie- wfthmmddmmtaknalts ofmv@mbasxd& o€ aledst 0100001

g'““‘é# g‘g‘ﬁ‘éf’%‘)wg’p %ﬁ'@@ﬂ?@ﬁ@%&g rg;oc&uct hgsaalt ttoﬁal content

of alithli &letd) vk dlineRhdth meddL lif 19 m@faﬁssﬂfs o@‘Bf 0¥ of at most 90%

aci ds, or mxtures thereof and the crude feed
Ofﬂﬁé’OP‘ﬁQt Oﬁﬂkahgm% and alkalire- f'@élcmetal, immatal sdtstcd'rm'ganic acids in

the %&gf:eg%m cack %ﬂglg%’fgﬁ!ﬁp art taI mrmqealgwnetal salts of

organmmbrdsllédetgmﬁﬁé&lﬁgchsmmﬂﬂjdtlbm% such that the crude
total content 10 of alkali netal, and

h
i &gg fl{%’én@?sﬂ PP PreYides a methadeofipseducingn @rgd@pmdugtawmnsmg
contﬁﬁing% RhdPfeedBith oﬁQ & mB Fe éa@ﬁyﬁgﬁ) aﬁgs u ta t%{alrf %%ordaxgﬁg% includes

and al kal i ne-eart
the cardequoduct, wierein rﬂlmudeepddudbﬁﬁ hqmdmhﬁa ht 25 °@hrd0.101 MPa,
salts of

the d(&}l and al.kal i ne-eart tal,, gfﬁp
CEYI5ART G COpIFLng Qe oL mar mpgfal g e o2eic apide, one
or mbfevaitdlinekath SRt kAN e 3 Hﬁ&é‘ 8iGanic o8 dgféfghﬁ?uergs ﬁéfégﬁ the

product conprising: 15 contactlng ac
crude,fred Saving: per grampfernde fesd o tothl contentt aftalitalignetdland alkaline-

el A R i e G oo
catalj'smlia\dmgm pofi siv@ dtEbiRion Witiea aleldidini pof@&ﬁineﬁz@ ik 81 %e 86 90 A

rganic acids, one or nore alkaline-ear

to 18]}, ayichualeast 6% of thedptahymabes af aares in diecore sige disiibution having

f
o e 08 5 S B L e
as demmtthtAaSTM Metired BI4282; dnd cohtrolling domtaettigtonaitiond such that

000 , l e f the
the otud Hrodieths ol itens PRl @eaq?i%ﬂoaﬁfﬁ e enetal in metl sals
of orgaRil AT R nfHsBI0R% BF theofiteh gflé\alkraﬁné etal in

with at | east 60% of thetot ’of pores In
metalygita of praenigiagids phHitheiconetfead, m@xerem pmtmtmfanmlenemg 4kl aakalme-

cart B ) B L LB S 516

arthedavéntioh lalss r&@dlis&%étﬁgdﬁ bhdif ic 'i;réchﬁi ﬁéphmjg

crude product has a tota ontent o met'a
contagling;» pde eedwithenear marg cntetyats te atadslce mtotdr;gaduocﬂmmdmdes

e ol ol R 1 0 L0 a8l T3 b B0 e,

the crafle fded havingeper gesh ofviadefead CowtR '.NI/WFC ebﬂ‘t@ﬁt' of#Eleddt 0.00002

and_al kal i ne-
grams, and at least one of the catalysts having a pore size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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earth netal, in netal salts of organic acids is as
determ ned by ASTM Met hod D1318. The invention al so
~ provides a nethod of producing a crude product,
conpr|5|ng 30 contacting a crude feed with one or

. Dr X | t . .
the e g8 BhsBiiaot o0igB 3 Madhel a5 15wt g ps gt
wheiréin potel siiei distﬂbuﬁdﬂle agtieteimibed byl ARTM Mdilitai D428722 afd béitrolling
feed havjng, per_gram of crude feed, a total N /V/Fe

congghingssondisions suqhdhatithe cryde produgh ke, toight/¥fFe contant ghat most
O‘VQSftEQﬁIﬁf?F@Eé’n?&g o it B r\?h&éﬁ iAl/AL %ﬁ%&t'@ Qﬁ%\%&%med

ore aneter in & range rom
byAﬁ‘»TMMéthbdeﬁﬁﬂOSO% of the total nunber of pores in

the pore size distributio in ore di angt er
wi {1 Avestian gjso prvi ﬁﬂgfgp piarlush Lmawang

e T

the ¢rnde pmﬂectcwhdenxﬂm dmde prmhlcalstadithd mmuw: a2k Eﬂ:ﬁamhﬂ 161 MPa,

e B e S SO0 o o ik
saltd\toP@ iRl 8fof aT'lk%sﬂ ayeuthi ﬁ&n? b&ogrﬁihQif'cﬂﬁ% féedB 10ag oﬁé the

oduci ng a crude product, conprising: contacting a
alagrnst;d@vm@dmw sie énmhutmmﬁ a:mptaay pors diamgteronfiat teast 180 A, as

AP DR PREA R0 Pl 0T e el S B iy isbution

com@ﬂﬁin@ ofi®dr HBR metalRdrdih CdRhe 6 @f fR\Pefigdia TlaBleabne SithErRt
of alkali nmetals, and al kaline-earth nmetals, in netal

compgungls of ene,er WoErmetalsfeora Cofrmn 6 of thedteriodig Jable, oF miwgures:
ther atﬂlrc%ﬁhﬂfhn Hﬂﬁcﬁ%ea{ndﬂ% n%%&&} thgt{}ﬁ Eﬂﬂe fo%h@ﬂ Nas bSotal
an pore

aling a por sl ze on W

. contemntaofatkali mdtalatnd dkalinellfthAnetals in nhetabsadts bédrghchS'EMof at most

BTN I YRR BN T

in tHeQideTedd, Shetdh® ciIRért @ hikall FRtA, AR Bkftne KRR metA RIS Salts

of one of nore netals from Col unm 6 of the Periodic

of organicacid is a5 detarminediy AREMIthod MM 3d8nt r ol | | ng

co n Lo he crud r ct_has

£ The ifveRlort A8 bloy RS o oo b et e BroRBbCSordfsing:
contadtingla, cride feed ahthﬁﬂbfoﬁ nfdire O4talgsts €o ﬁtbﬁd@e %ta&brdﬂ&ﬁﬁthatgﬁ&ﬁxdes

of .the content. of alkali metal, and al kaline-earth

the gradeprodydh, whareim theeude Bmdﬁﬁtgaﬁuhau@cme@re P2y Heard 4@l MPa,

&ﬁ%ﬂF f

al kal'I ne- e@?ﬁg%gﬂh@r@%ﬁﬁ {ﬂl‘ﬂ {{lﬁ% Bi’oneaﬂ}g?orgﬁr%mné:cﬁmcgg » One
or mios: akalthetearthinmtal sbiys AESiel dviatdre drdganikIthls, &Gpﬂ'chn'es thereof, and
v AR B 5 B 50 R S SR v
eartiPetdRif nseamaussasorgﬁn@ ﬁﬁgyﬁieat\el]\%ds% @bomr@&ﬁs lat ie'?@tto ne of the

i ncludes the crudé product erein the crude
cataliysts having aipdrersizet ilStEmeOIE‘B’ﬂE aamﬂxm fodd dieReter of hielemt aa@A as

f eed netal salts of .0
deteigifig GEARTNE MR G1542, BRY Bealiis balinela,pdif stz afifiton
compRing oscPdrirfiordimale fidkn OBl SRIRE PeAdid Table! or¥l oftbr S

thereof, and 25 the crude feed having, per gram of

compgunds of erepr moregneials fon Columsr6 of the Periodic Znble, ermaixtures

I t S o orga aci ds
therdBp B Pt BAg by PuboTEpRh B Sile o s Pl
content of alkali metal, and alkaline-earth metal, in metal salts of organic acids of at most
90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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catal ysts having a pore size distribution with a

nmedi an pore dianeter of at |east 230 A, as determ ned
- by ASTM Met hod D4282, and the catal yst having a pore
"size distribution conprising one or nore netals from

o GELARD 5038 18t ol o815 A5, i s

of dPgamioatiids 1§ abUeterined by ASTMS Méthet BPf18.and control | i ng
contacting. conditions such that the crude product has
a tgsipve H@gﬁﬁ’tpr@’fld&? xuethodef produeing aarudel productaomprising:

. - ) i i f 0%
conpif s R TBUAPOh o BB B Sl R g B
the ?mtlgbrodnnt, wibrein ﬂﬁlchﬁieqirod]{cgﬁlmi Itqlﬁ%hﬂy‘ét]' | n?e?aé 28 *Chad ©. HHemPa,

e erern co or al Kall netal, an
the S Focf DRt HORLNGIV/FG poniea af stdeat 0.00092 groguaf NiBFeger
erat of SRO T, B108 obl p/NE LA b & Hire S MERRbA Bl o
mediampare diamgter of ahleastt230d8, as detarhtinéd byl ASTM) MetkodD4282, @nd the

| ysts to rosl{{;1 a total, product that includes 5
mﬁﬁtﬁ%"ﬁ%@w&gﬁf&ﬂ, MPrisDE OnE 9k mere migtals frem Column 6 of
the PéritificiT4BI lone @r Blore Borhpdiiads 8f %}'W&e rhdifls %@Hggg%gﬁds of the

Jhavi ng a total N /V/Fe conten at | east
Perigdig Fables ommixures thseeof; apdaontoélling vomtadtmrtonditiohe msh thatahe

erdond s 681 M NIBY B R 3 B 0 SLBENIRES St s
cruddefea), whereth Ny VAT 84kt o derb2@hed dydh ST MeRbaDsIbs.

ha\i_'glngna gore size distribution conprising one or nore
met!3F IVERHOR Bsp prayides rmethod ofpredycingis erutie progducty pemprising:

conttﬂiﬁgn% é;ég’g?%%ﬁg %@}g‘{ﬂng@ g?ifremﬂ)%@g?tgg{} ﬁrlﬁéwgegq(? t&ag%go%t Bathcludes

the arude: profindtwghereintthe tiude prodnctiit b tigaidatisturt beds ¢Mand GN0CBP, - -

roduct has.a total N /V/[Fe content of at nost 90% of

the qPyde %Ffj ARRFiSthg, P o mpreaiiali reetel salty akene QpRorgioganic acids, one
bid Alkdipecanh i Lo rtd :

or ml e Q&Htals%]t@&&%o%ﬂﬂr@ﬁ%taﬁ%ﬁ}%m UCISng)élYe%%the

The invention al so provides a a

crude fegddaging autetal condents pesigrm of a8de feetl aoftalkedi metal, and alkalkak-
| t al C t ot al d
cart{ i, 5 R 0yt B D B, B G e
catalysto Havihg b pore dizeibteibiiion Wtk aMedd for@Bidmdted 82 aMBAt 90 A, as
t he {)ugg feed CQ%E‘B”SI ng one or nore al kali nmetal
d“"e‘?&fl“ffg_ HASENEMsthadlp282; gadiihe catlyashavingsthe porersizeatistribution
s oA o BERC el 0 60, 00, AR g s o

aci or m xtures crude
molybderim,xwnbentore peitybgesm obmpouids, dabkedhtedds weilghd df molybdenum,

tal , and al.kali 20 earth engéial, in netal salts of
or m%&lg%;hgreg ilaag cgniralfing egggctygg@: ﬁ!?@?r % jhaéth cga@q pr@ﬁtéct has a
total @bntbitdf aflAliFhatal %&ﬁkﬁﬂﬁ-&%l‘tﬁ?{?e?aliitnzxg%tglp\sﬁtg ép b3 A Rfat

a nedian pore dianeter of at Tea
most §8¥eefithe eenteryt ofglieliveethlpahdRaie-cartt nidtal, inahethlyslts of organic

i S o S A b ey e met
salts Of aenit @cids & G'RBEmAled YU YRIMEEDL] P1S1© L hor e

mo). ybdenum conpounds, cal cul ated as wei ght of
ol BedEEsntien alse psevidesa mebed pfiproduding arideproduct, comgrising:

i [tions such that the crude product has
contaE6R AP G IIRY S ipk ey prone Bl AGIE bt Fcludes
the crude produttwireded the@hide pRéduet BaNigeidmixdsreQt 28°C and 0.101 MPa,
the crude feed having TAN of at least 0.3 and the crude feed having, per gram of crude

feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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nost 90% of the content of alkali netal, and

al kaline-earth netal, in netal salts of organic acids
~in the crude feed, wherein content of alkali netal,

and al kaline-earth netal, in netal salts of organic

' b S1aSs : j D . .30 .Th
2 POHE o2 iR ] T hRfhn rd AT O eost 0 A o doterte by
ASPMisliettiod DANBP arel the catalyst Haririg a@tad ntolptsteniiRednitht, BeOf8m of
atq?r re CO%bﬁl sts to producf? a total product that

catalyst) FRMB- é}@%@é)-% gesnsal: mlybdenum, ang arminde cpmpelimds of

' [ QL ] 0] : t de i
molyBdhuirl Stcihalf s s of ELbdRhtm, brylberlfel horroan cBiiFoling
contaaﬁl’tlglg?ndpmns' f tgneimhal :thg lcmoal% cl)ngﬁchleﬂhasea TAI\Rbt I f dl\l'thio‘s‘f $®% fof %hﬁ TAN of

cont ent, o as : r at |east one o e
the gells Fepd A ik il Produc Rge p St UV (ecoontent of simogt 9906cof the
N/ VRRicOteROS1ne biAE £, Rheréln NPYAe el 48 HRLSETIRE AT

by _ASTM Met hod D4282, "an catalyst having &
Method {25708, and JAN éras detrrminpddm A8 TMAWetiodD644f r om 0. 0001

o ihikatior o 3R a siptntd PE BT iR Rt Rgpduct comprising:
contapliyghalerndeteedrwitl oriebirdfiort ReaRSfs to ?%Hu@@ B6tel prbfght ﬁﬁg includes

contacting conditions such that the crude product
the srudonrogrctawhesn the omedeprodvet Faiquid mixterecat 24 Cfand 0. 183 MPa,

o 8 545 e R AUl B0 0 Sl i, one
or mwine ali lineNedr il hetalsaits fibnd 6r 6redRiLiEThdlas] 0P ifiDreYthereof, and
708, TAN i s as determ ned by ASTM Met hod

the G0 oo REVIn, 3 Te| ORIt BBy Rrudedends ok meral, and alkcaline-
eartP ifRfHL.Gh Rsktat sﬁﬁyglﬁorgﬁlﬁg H&ks ofﬁ'fﬁsj.é glbgg? lsgl%.gzs C O e g&e of the

a crude feed w ne or nore ca broduc
catalygissbmprisigc(a) bheor mors retels frann Eohmmielé op thedRetiodic Table, one or

ein.the crude product, is [iquid mxture at. 25 C
morl 55 B S S kR b P FEHEE Bz yisres
theredfkaid (byBhiddr hlelnietds FRMCCORNTPT (Fothe PRHEAIRTRER,; oM more

or nore al kaline-earth netal salts of one or nore
comppyids iof ong prymoregnetals from Eolunne @ of the Rarlodit Aabley erdeixtures

[ I de_f .
ther o @ Mo b B S i 10 e BT G R dn o
range filotts  6f 10yragd obnirallinglSortfictiag cbBdiEbndsdA Mk 1k Gi%o proiekt has a
e of the catalysts conprising: (a) one or

at | east .on:
total Fgpiet Ohallll i kAR GRS e, Rl tsRfiorganicasids of at
SO90% 3 f Byani
mesC10% SP08 SRS Al S TR A3 1 HBLPRUNTR oFonic
acidpingheerude feedpwherein dontent Ghdlkathmial, eidtalialiReehddingtal, in metal
Tabl e, . one, aor re .conpo of 0 r. more netals
slts o BigBeds s o Ty A ML Bed P i xt ur e 20
t NeheRiventi1OAR) ProddePh td ising:
met al tgnt ot al .ﬁégl umm g{egfsotaa{:if%Fgﬁc%@[aﬂrﬁgﬁggaﬁ%%nipqsbng'
contacing agendedaed with oneormnrexatalysys togrodudeartstad produtthidt includes

oo 54 PR B35 B 0L AL b1 v,
the crrdgdeddchanirigttod] NutV/FE0siteRQYnOleadt MEO0DOD l‘g?eﬁﬁsi & Niﬂik)F@ ey

metal, and al kaline-earth netal, in netal” salts o
gramgf exidefeed andiat least opeofthe gatalystsomprisese(3) one ot mere métals

fro ] line-earth nmetal,, jn netal 25

m it 6BF Lk perfbaft AL opf 57 ERER Cuiti-Res o RS ey tiom
Columh 1. the Periodic Table, or mixtures thereof: and (b) one or more metals from
Column 10 of the Periodic Table, one or more compounds of one or more metals from

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
with ane or nore catalysts to produce a total product
that includes the crude product, wherein the crude

et i Bl ' at and 0..101 a, ..
COJ‘tﬁwe_ cr u%tgﬁ:fog%%l ﬁg{}’?’ﬁ’g% gﬁﬁl)fs alﬁ aﬁ%‘?&ﬁcr&%mg‘otﬂtléh?n gontrolling
conkasting codif@B3ugh thattheferide/prodiect REY a BRAINIAIFE boftehAT at most
a

o eed, at | east, one qf the catalysts conprises: (a)
90% 5 s MR ComERiar 55 oyl Esm mhereint/V s opIabis a8 detomined
by ASPMEMefHAR 97080 € conpounds of one or nore netals

from Colum 6 of the Periodic Table, or nixtures

t heFhednyendiod also)previdesor methné ofiptodhsinga@fudeGebawsh, chthPiing;

he Periqdi.c .Tahl e, one or re conpounds of one or
conlafind TERAE o ik S Faore palaDistyt ribior 8ot ragics dapincludes

the ofudé prodsict HReRH the WARIES A0 0 ok Qf-a)
Col ugn 10 net al tg t ot grmc%fﬁ%nmgn&n% a qathfsnbganpé)ﬁ]é)é MP,
the ¢rudefeed compysing ate oomorenlkaliupetat saitsarfions or morslorghuid acids, one

t d duct h total, Ni/V/IF
R T R
cruderfaetbhdvivgg pervdigmeaifieniye/ foéd: 8 i@l didnt of a.l?ﬁli ffek rdﬂg%&line-

. Eé ASTM Met hod D5708. 5 The invention also provides a

Stetal salis of arganic asidsief ahensti@.000Q gramis sindgthe one or more

t i | ne .or ,more catalys to
oo 380 o5 . W Ao S 5 ik Qe
fronp®.60Qcto,0.06gmanisnof: bee 6f MUR: MEARYFIm Coldnd b SR PU I Cble
1 MPa, the crude feed conprising one ’

t 25 C d 0.
one F‘ﬂfﬁ‘*@l’%%ﬂ%ﬂ% ohftie £ moze metaly fremeConmmdyaf the Berfidie Table,
calc@aied 95 weibht offnefP of g?k s tﬂgréé‘ia bhd ts%(lz%ﬁaéaﬁ\és?,gtﬁg Second

Oor nore organi c acl or m xtares‘*there

catalypt wingeper gnemiofigecopé caiglyatyableast 0U0grhme Of: ode o@hidre metals
earth netal, in

t alkal J. tal, and al kal i ne-
fr"mcn‘g%i%ﬂséa‘r%{‘%e % “%dﬂ% L5018 dneioganas comppwlsiof enEOere metals from
Cohuyiraéref the Peribdie TabR, SlculRES as Kalght ¥Bhetaf QP Rk RtddHhertd® and
a . first catalyst, the first catalyst having, per gram

controlling cogfacting egngitions spehythapthe soxdetproducObasyr imb comtbnt ofatkali
meta andRIGLAREHEmELP T %%ltqﬁ g@ﬁsgofgofrgehﬁc? gcﬁ)ﬁééf%g Ig{:o,sir 2 Ot the

one or noré conpounds o

conteds bfiatkalomefal tnd aBelinedieh kbl tn ﬂéialfsaltEb‘f&%ﬁﬂc 88ids in the crude
and (b) a second

i ght of metal, ..or mxtures thereof; ar
focd S ofneehas aliatier e Whkplte-ovsth mefa. Fomete) saksof organic
acidﬁ@ﬁ@ﬂaelﬁﬂﬁﬂ%ﬁhlsTﬁiMeﬂﬁﬁltDﬁsl%z granms of .one or nore
e

metals from'Colum 6 of t Peri odi c Table, one or
noFlke ipymsionato rodvidesen method of produeing afcied® pré@icy Bnfridig:

i,0Qi I | cul i gh f I
conn s ESROTS TP SRl A e Bl i ot

the crude gidduen hetettthk RAldelhGaues 1Ol RAE iR )
con%ﬁggt of al kali ZOer?Et al ,&gaﬁldﬁ%l@ al'li negh?gg??r?&tf‘rgtlgl,MPa’
the crude fred spmpgising ope obmgeelialtmietis saifs cfioneosmof0gafic kbids, one

: f ' al ., and al kal.i ne-earth netal, in
or mérg . Seé%[rtshaﬂagtﬂo%aggﬁ f e, THre; Gednie agils, qpmixtueg thereof, the
crudevibet leivings paxt grain offenaledoéd, aHEthPdontdi 8f %.’é(ﬁll? ?egbgf £ 1 line-

netal,, in netal salts of organic aci
earth HE%"irlPdﬂrFé%l spiis oforganie aeidsiofizg 3e:8t 0.0AQ01 gramstandat kastmne of the

catal}?%%‘}/i:ﬁg,f‘%% :g%ﬁ Bp gatﬁglstp ﬁtqgaus% 61081 agré:nasug CO c{grdryiglte’metals from
Column 6 of the Periodic Table, one or more compounds of one or more metals from

Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof: and

controlling contacting conditions such that liquid hourly space velocity in a contacting

16




10

15

20

25

30

25 contacting a crude feed with one or nore catal ysts
to produce a total product that includes the crude

product, wherein the crude product is a liquid mxture
at 25 C and 0.101 MPa, the crude feed conprising one

it [
zonl ofRf F0 ff B nTEREL pRfd: 1l SHCeHerTBF AU BB Fand alkaline-
eart?metai{]m mntgaalts oﬁmigdlslp aozlltds of auidma)? 90!5&1@ tﬁ@f:ontiéﬁte:f alkeli giestal,
avi.n rai n of_. crude fee tal content
and pfkEfipqr St ied b nifal SO B Gridinithe mus eed; WhsreRcgontent
of aﬁa@h?&teﬁf arfy ﬂﬁ:ﬂhﬁ-e@?ﬂl‘;ﬁe f Fﬂht LlaF‘%ﬁV L 0P oA he Rk NS c%e?é?ﬁiuned by

ast one of the cata I'ng,” per gramo
AST0dMethed P13i8.| east 0.001 granms of. one or nore netals

fr .CoIHrm of the Per (? Tabl.e, one or re
C or} s (REHOR 2lin Syt A TBethas af Rrofpeing o SBie PP fompEsing:
contEigértide Rkl SvithCotleCot Adie ¢a ﬁgs&’% Riaued a ’fﬂiﬁl?mdlﬁf that includes

m xtures thereof; and controlling contacti

the erudriprodustswherein the arudeipredudt isadiquid mitare at 25 ae Iam;/ 0ilA1 MPa,

e SO0LAEH \nd S B bEUEIPAS BN S st 0 000

grandd, kllehdi @ne 0Athe RatiBistd has) per FRind bf 241V S, Alleddt 0901 ﬁraﬁi‘s' dtSone or

of at nost 90% of the content of al i metal, “and

morgmetals femGolumn Geafihe Peripdie { shlecupe 10 mgre eRrgpeHngs g prpsor more

N

therand] aisl dontralingeoetaotingcbnditions sééhhivhikiuid Bodphdsbce G'éi@clty ina
[ [ s a method of producing a cru

t I d
°°nt!§%§n&elflg Psc%ﬁg 0 Er o EW&@N%“&?S@HHT&ENVX Gantent Bﬁé" most
0% ORIV e afﬁfe RERAEE wheldth Nﬁ nt i@ det, mpined
erein e Cr u& de

i ncl udes the crude product, e produ

byAlSéfMMﬂh&dBS'm&ture at 25 C and O. 101 MPa, the crude
tal Ni/V/Fe

havin er m of
o e VRSt 1B brodfRF'aShessd priadiicine £ s gl ghamising:
comadmg@atradey&w withne PE nodé Sdtal9bts f@?@ﬁﬁ&ta tofll f&ﬁ&tthat includes
0.001 grans of: one or nore net from Co

the cryde mradycbavkerginhecrude progictipa dquidimiste et 2 °Coaml Q;iOI MPa,

e RIS g B A, B B RS RRL 6 EOBhFo g o

of mangdn,candtarsulﬂ.u cntern Of acleast 9.000 h gidmsosTsubug Bnd Bilkast ofidlbfithe
hour | s ace vel oci ina contacting zone_ is over 10

catalyty Conipbe G pr merebel Erom Solnn & phihe e odied bl pas T

morepéong;ouﬂasq&f dm X618 indid1€ b (Yélﬁﬁmc@&{cfﬁ@ Perdfdid nglg r 4t 9€ixtures

wherein Ni/V/Fe content 1S as determ ne
thereaf prtl mnmﬁnﬂsmﬂ&tmmndmﬂmmdmhaﬁIthmcrpd&)pnodmst has an oxygen

con i 8P 903 B e mlotter FoRE ot b e Ffide aradyet b

a sulfiir @Ehte At GF 7001370 smelsamut dvtent apﬂhe dARle ftdie wheMHEoxygen
product, wherein the crud eIEBro uct is aliquid mxture

cont%t isps detesmined byohS NaVlethod 385 cand dul fessitend s asgleteprained by

f e feed: an oxygen content of at | east
AST%{%%H%dﬁams of oxygen, and a sul fur content of at

| €Blsd m@eﬂﬂ&]ai@i’ poBided a fietHodrof pedtlhcil o Rasd prodcut, Q‘,foni}:’?ﬁ.mg
atal ysts conpr|S| ng one or nore netals from Col um

ContaaFms A&rse deesvith ongPlemors catalysts terreduce aetahprodedt thas encludes
the cﬁn{dg ?E%%gﬂ%&lﬁlﬂe?n e U0kt % Pliqli SrikiGrd 8%sSca8 0801 Y1pa,

the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and a sulfur content of at least 0.0001.grams of sulfur, and at least one of the

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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thereof; and controlling contacting conditions such

that the crude product has an oxygen 25 content of at
nost 90% of the oxygen content of the crude feed, and
the crude product has a sulfur content of 70-130% of

mort Sfpifndtor 88 hE Rorsineial ispn KR B onu Hespate (RlE SFmixtures
thergoft htd cormiollBiy contactifig Saidaions Resh Mkt the\ehMe Wchﬁﬂh@da?t%ﬂ:ﬂ

The inventjon al so provides a nethod of producing

Ni/\y/Fg gentericnfiaé most ¥itp of the Nj/V/Fs gontent efshe orypda femdu@nsl the eriide

prodl s FRER AN L BER R 8 BB Gheri
Ni/\YFedontent is asdétbmninel bY ASWTVBM&hoEﬁ)S? 80 anddsulfid cditant is as
the crude feed havin per gram of crude feed, a total

deteNP’/‘Wb@WMfM?th@@Dég% east 0.00002 granms, and a

| f d
ot Thiinvealb o Brovies a3fdthod ot NS LByl Rt ComPifine:
contaﬂ:irfg scridefeeCoritinone®r aforé bﬂal?ﬁb it ptodudeodiotal pwtlhcoﬂlatllﬁcludes

ORI Rersinbe ogs DrAdHELS 8davidaiise at g e and 0101 Mpe,
the é‘r@dg fe@él beﬁﬁnﬁﬁ bAE x‘lﬂ&‘e%ﬂ?ﬂ hétaNGis UE 911}4 &"’H'xofetb‘? B%’/&i&?s, one

product has a ota content of at nos
or mopgealkilingrqacthauetalsatts of ortelve more degaimdndsanﬂmimmes theekof, the

R T T T TR MO T

eaﬂlﬁﬁeﬁﬁtﬁ i) @Al PYF AdsTht WOO@H%&HE fa4l aGOH& R Hontent
i.s as_  determ ned by ASTM Met hod D4294.° The 1 nventi on

of atjeagh Oé rg5PeleSresidupand gt lsastone of themgtaéysm an@llmxmox more

metéi? c%lﬂngl 06 égﬁg%géé'}eodw}' e?ttlg rolﬂg % gtt‘d 8f g‘r&ee Fhore
metalmﬁomr(ﬂnimnnﬁmﬂlhé Peritfdéo Bible, tol m&ﬁﬁ&i&hﬁé@ﬁi 6d corfirofling

%@gl Xture, at @5 C and Q.101 MPa, 10 the crude
contacting copitiPnTuch that hesrudegradugt bas  totglicantenhof alkali mefak and

alkaMe-SRMhEM QLD BinetAR ClIE DF offAfRic asa{ds“d%ﬁm%h?ﬂ% BemE %{n’ént of alkali

nmetal salts of one or )T e organi c acl ds,
metal,lnnd alifaline-aarth metaljdn vetad siltsvofrogganpeacidy mrthe)érude fitd, the crude

tal copt a t al al k
procli T T G opfb AR 118 B8 bt B S e 5
Wheﬂeﬁﬁcﬁintéﬁt eﬁml el Tand AlkAliAe-E A8 Hl%&l q& eRd saltLbF cﬁ%amc acids is
| east . g ans of resi due, and | east one of

as determinsphycA S ENbMetiod P13A8, and rm;dlo;e ‘mﬂm’é issdsdlefermineGdly ASTM

e Periodic Table, one or nore conpounds of one
ME&%F%HSIJ%OQ nmetals from Colum 6 of the Periodic Table,

or The inventim dléeprevides aindthod dif pRdduting a dfﬁli&}ﬂ@ﬂlhdi,g;omprlsmg
canditio s such that the crude product has_a total

contacRg & grudsiieed withongex mere G&WéwstSaqoma@dWe adafal produetshat inghudes
the cFRfe QAN P{Haa} opf
¢ ccon e%cﬁét?ﬁlgﬁgl(ﬂl{e mgf% fﬁ?‘ﬁg I'ne- e%glé) € an%i OliI\gPa,
the crvsle déedswmiving, pér gramaifi cmdad:‘eedsa residue@ontentsf At deast 0.1 @fams of
t has a r ontent of 70-130% of

residlif, B3 a Tl NO LR confEnn ot 4t et ol s, it lepkameiog the
catal GR¢ o MG thorfaicdll

?nsg{]ac?ﬂ%rgl tgs of orogfam C séglé SC (lﬁgﬁﬁ %?gé%%g?@g Olggflbl{/l
moregspetndsig o8e on mire meiabifeors Clobwnn 6|o£timPaﬂmﬁe:rTa‘tﬂm dr hyxtures
ﬂlere@f?m controlling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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Met hod D5307. The invention al so provides a nethod of
produci ng a crude product, conprising: 25 contacting
a crude feed with one or nore catal ysts to produce a
t ot al product that includes the crude product,

¥ Golbpl e gotdepiBa By AR o 1370 Syl i Fopfent S es

detﬁfruﬂ@m}egngM@gﬁu@@oqontent of at least 0.1 granms of
residue, and a total N //Fe content of at |east

0. oboipveptipnalsoamevides 3 mathod of prasiucinge crede ppdust.somprising:

onB R S 80 P A BT SRt bt s

the omude ppmiuet, whfedithe@udEprodirt is BqEE migehreat DACand @101 MPa,
m xtures thereof; and controlli n contacting
the cpidlgitesd sempsising ong f mosealkeli metal s ong 95 MPTY PxgANic acids, one

o ¥ 080l S ok 1 St
crudeofeed haviog, péPegrbB08H crlidd feed, raemcdnm ga@ oil €W GOr) ¢dngent bﬂﬁeast

01%%%% &%41%{9351%3%*3@% &X‘@ir@g ae arﬁlsma L etal Salts of

t
oo 0, 00 5t
metglsifrom Eohunn 6 obthe é’onodlg Table; onkeorf raexe amlpbumdse)f@me manmre

et o) Gy B BF 76 dihf, bRt i ot cotl

contactibiy Coriditicng kecipthattBe Grudd SrdiutPhasidtal b&me:ﬁrowamaﬁ@&@al and

corrpr|3| ngﬁjone or. nore alkali netal salts of one or
clné@qt@ss thpkorgenic apide obatiarst A8%eafthdcantend of alkali

me ere%lggmt% éu{%éﬁ’f %P%‘\S}P%%g%%jé’r grggﬁw E’:‘é ’@‘f"f&%“ and the

cmdeq&dducm hama:vm@ caseriof 70-1Y@a@'of thoN G torvént aF tHearade feed,
and a.total ontent of %crall netal, and

whegpip G GomanR andetamined SYyACAM Sathed D307k e esinsged of alkali
metd hatalRAliR- QAR k12 FPmed 18 br bRARL £ Bi ds &ek%;gﬂned by ASTM

catal ysts conprises one or nore- neta rom
Metbpd £81%er i odi ¢ Tabl e one or nore corrpounds of one or
Periodic T

fot |
i B o PPEvfes A 0Bt Pt Prigucioe A e Pgtict comprising
con&ﬁmﬁg 4 £1006 et GHtH ditor nite Qétﬂ@ﬁts Rb 9?3&%1& Retalprédiicbihat mcludes

content of alkali netal, and kal i ne-earth netal,
the grle produsts whereinghe emide peadugtsis @fllcmd mirdurean 25 3F ande. 101 MPa,

I n rt
e G384 0 o 5 2 AN O 00 b 0900
grath$and a MR cmtenhni‘ht east (el M@kscand £iNéasobne/dHtASENAIOEs bhiaprises
VGO cont e feed, wherein VGO content

one OEMOLe R rfFﬁnﬁ 1519«“ ﬁs#ﬂaer?ﬁlﬁé@ %?ﬂc ghalorEomaeungs of one
or nﬁa'rl‘ﬁietals #%h Toluih' g oi* érﬂ;ﬁl et ér 13 ngiau' s'ﬂe&@ﬁﬁﬂd controlling

salts of organic aci iS as
conmngﬂlbnﬂmbmﬁsuchﬂhéfhhe mmdepltoduct tmk 2aotal NI/V d%ﬁ:oateﬁEbm dnost

[ ont
9090t RE RV hofiot Bl F P Tk and Biiryda O B S0 Goheent of
70-130Y2é1 tBE TAHE EordthRof HRIrideRed, tvtl?er&h b\ﬂ@o REASMGE as determined by
wherein the crude product is ‘a liquid mxture at 25 C

ASTM MethadB 537, and Ni/V/Fe content is as determmed by ASTM Method D5708.

The invention also provides a method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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the crude feed having, per gramof crude feed, a total
Ni / V/ Fe content of at |east 0.00002 grans, and a VGO
content of at least 0.1 grans, and at |east one of the .
catal ysts conprises 25 one or nore netals from Col um

f an [ _nore co ounds of ,one
or o aikalfhe elth Bt sTRLHone i Enc ofERfe s RD G 5 Surh oG, and
therdrudefeabhdvined, pof graqrud cewdet feed, laitowdl coibert @E hikAH metal, and alkaline-

ar&l ondi tions such that the crude product has a tot al
metpk-én mgtel galts eforganisids ofgcme Q0091 grangy, red ebleasione of the

ol e 5 Sy BB e o

thePesiddicVilablegbime mle&bh@btndﬁof&ﬁie detridinetds HymICban M of the
r}&gﬁq\/f D5307, and, Ni /V/ Fe?f%@gtent is as determned b
198 RS el‘eqﬂg Proues aicaialyst BECEes park raing the
li&ésm S
cmﬂ%t?gctl ngé)% crude eed Wi ?ﬁﬂ%% @W&ﬂedr%r{a sultﬁg

con one “or nor e cat al
congainitg cempovrsisat a pangtvattivet beddw #08 PO cohtrelling udﬁtasnng

conffiR58 St e 6 o pogict i ool chptens a el Mg ki

- mef@l, ilRietal Qélﬁaif'orgﬁkadm&s?éfta‘érﬂ?fst 0% g?ﬁc%ﬁﬁn b Pme and

acids, one 19 or nore al kaline-e met a
alkaling-earth mstal, wrrgetal salts of drganioracids i theesudetfeed; @fheream dontent of

okl 4l G R, P 3 el Ao okt 4 iR by

ASTiRE Mlethod|D1318f organi c aci ds of at | east O. 00001

graﬂ;s and, at | east,_ one of the catalysts is
obt Hieiaptntiopplsoqsades amethod of producing eisrusieeproduotmomprising:

conEiad S SISV B s TR s

the tiwde pReluci sihereiiathk eruderproduct isradliquidaibeafe 4t @5PCHATRI 6l MPa,

| d.f h
the FE ot it i of o, oeleg tha) v B2 st of s 090002
graf88@n8 at EREtne YF ﬂiércatalg%@ i¢ 'oBiaﬁﬁbfé ?’fﬁgﬁng port with one or

t enper ature bel ow 4 C, and con t| ng
morg spelals fomsCeluia G ofthe Periodic ﬂ"dblemwcbmmorh aempommdsaif one or more

d_al
metfi3 e Eohingf (P PEROR TaBEE ot Gpred Bt bo g dalyst
precnesolemt fofmiak Ked datdlfst 8l heaiil the Eéﬁl'ybﬂﬁetﬁﬁﬁdrfin ﬂﬁtlﬁésenbé‘of one

netal  salts, of organic acids in the crude fe

ot n%ﬁ%?‘éf‘ﬁ "GBWD@F& cogEpounflx a3 tem@me bﬂ@wa400a°lG, ned e@mtdilmg

ASTM '\3@?%\9%1 ﬁﬂ%eﬁ#ﬁg | nve %g%tgﬁlqg%[p gF%t most

O'Vw@ﬁthowxlaﬁm@cmﬂm iofitheacradeufded, pietkin NUWBHBdintSIhtﬁgas detérmined
t.actin ude feed with one or nore catalysts to
bymj\gghggp3?§$ product that includes the crude
Pr g G ﬁ&?&l@b e
D U84 thventih iSh ProviRs MPa, s L E‘ﬁﬂg'%?hg‘gﬁﬁ’a# HMI“H&
comgpegittensfat !wetdw(fl@dns af hydratarbéns\wiktea bailihg rangefdlmmnon

L R T T IO N -

boiliag gar@e disiBb@ioNEedbsen260PCGRIGWID € £0.1019PE ra't &%ﬂ) 59001 grams

Tabl e, one or nore conpounds of one or nor €
of hydrearkansumith sbeiling resgedistidhiition babween 330 °Giant l6§Q§C at 0.101

MPeg AR Etch o OgMRE 1y ! Pl o R oF i P ol Sl o

of cpdepedae. of one

The invention also provides a crude composition having, per gram of composition:
at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of

20



10

15

20

25

30

or nore sul fur containing conpounds at a tenperature
bel ow 400 C, and controlling contacting conditions
such that the crude product has a total N /V/Fe
content of at nmost 90% of the Ni/V/Fe content of the

res s A S TR st TS0 e bom Bl ALK Bt o
of MCRI dent_ent_rtp@iasplmﬁeﬁmwbn’@nt qfeat lgastivb pivhereinddCR content is as
T Lo g S MR
ASTI Me‘ﬂ&‘l}@gﬁﬂ at least 0.001 granms of hydrocarbons

wth a ng range distribution between 260 C and
32(Theinmention Glto bRevideat rhethad ofproGucing ammd8 @ragfuct, comprising:

o8 PB4l PSSR SREE o phad B e

the didi! wheem thd amdd pRiusl i3 88ndinsaHeatds W4fI 0.101 MPa, the
catal ysts per gram of  crude product. The invention

crudg|fead spMER csdent of atigast 80 @sirns per gramiof grudp deedy audratdéast one

or o B BPspals ik 0% oy Bl oo s oy
Colithhn 6 @F titFeriodi Tidles biié Sl oRYcofpbihdbéivid dradité metdlsl from

the conposition has a weight ratio of MCR content to

Column § 9 el Resigdis Tabin, enmixrres thereafsio produce iratalyst prcmrsor; and
o : . 5
o a5 AL e B B P
conthinfif¥/contpouihds atmvemnperatirabel owH00\ICxl esd @onmilhfgﬂccmﬁacﬁng
oo Bt T cHdsAROTIL i S MR G E ALmTSRTe ot e MCR
contbRloFthe¥erQdl febd [ Widreih 'lgtR%ﬁten{ 18 %ﬂéﬂﬁn@& B? 9@1‘% Method
0 e at 25 and

wherein the crude product I's condensa
D4580.101 MPa, the- crude feed a MCR content of at | east.

. 0.Q01.qgra er qgramof cru feed, and gt |east one..
of 1hR RS §5% st BB Sl o gind it prpi aiBBrsine:
contidting a0irededfeedWith 0B bahford ANyt tdprlotide ol pdiRict that includes

Periodic Table, one or nore conpounds of one or nore

the qredeproduat.Hbercitmeruge produetds perdcosbls at:251°6. a0di0.101 MPa, the
. ; .
orudf feH L GRR QAL LF ol 16asP 0 O fenfls S8 0Bk BF o8 U2 Bd o130t ome

of the mamt}stsglaehxgmqmmﬁizedieuihuﬁ Mleﬂmm&dian pﬁl@lﬁéahﬁiaﬂ'm arange from
CcOo unds, .at .a t erature,. bel pw 500 C. an ) e
70 Acfam%ﬁo%flﬂbatésqﬁ 6 ot gﬂecte%ml T PaEs in fha pore size distgibution
- t . O . 0
nei SR Sl SRS il RSl Wi B
distribaitide iscasrdetemtined baSTIIMBktbdd DE2830and conffblding icontattingn

condBii P gt 58 elief Reedinhes DR A by Sl BRHbripe omae

feed CREGEMMER! S apHStESIRBbY ASTM Medliiich443mat i ncl udes
the crude product, wherein the crude product is

cohbeyaniion also povidesn gruge somphtion hawing per grageof epmepogition:
at m&@éﬁqglﬁﬂ% ?Pchg%é?,lagﬁgEengmgg i’:y gkrsafﬁ I\R&[]O(? B%Q%;an niost 61.503
grams of sulfur, as determined by ASTM Method D4294; and at least 0.3 grams of residue,
as determined by ASTM Method D5307.

The invention also provides a crude composition having, per gram of composition;

at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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of the catal ysts having a pore size distribution with
a nedi an pore dianeter in a range from 70 Ato 180 A
with at | east 60% of the total nunber of pores-in the
pore size distribution having a pore dianmeter within

det eﬁlég]tfé}ﬂ%’ut fon1s as %3%2?%%%%%%%%%%%“ 0.5, as

detmninacldntAS)TMMgﬂmdm&ﬁétl ng 25 conditions such that the

ct has a at nost 90% of the MCR of
Eﬁdltﬂrﬁ %Pé'!é& P%m@‘?se% m@SEP@ndw%)@npw@aw f sermppsition:
& lézﬁtmg% %I on%ﬁgl\}/jpﬁ rarlrlir;yo‘?‘g—rf‘}f1‘91\cé)gﬂ’ta %ﬁﬁgﬁré{q&gtotz grams
of I@é@M@dWmﬁd M@W I\fbﬁwdé}ﬁoﬁ‘; amﬂthbyoﬂsﬁﬂ'%d&ibhiﬂhdgd % weight
r ans of erm ne
ratk %%9@ %hgg alﬁ e§ Fort glrgﬁ@g GogOgtion having

a TAN oFat ﬁﬁ%ﬁf 5 VARG T AAPTMs M%ié%ﬂae@fb%% STNethBY Wsh%?lght of

al so provi des a crude conposition having, per

MC&dﬁﬁbdﬂﬁmed by ASKYE Memc(ﬂdl‘l@lﬂam Wﬁghkqﬁjémsphﬁtenes is as

I od E385; at nost 0.003 grans
defeg@‘ﬂ?&%@”@?‘@ﬁ%ﬁid by ASTM Met hod D4294; at npst
0. Q4 s@ine embofintenss| the 1ﬂvlrdnh@ﬂ BlRo pAsvidkal B dBniishtion vﬁm\ﬂe or
hod D2896; at |east 0.2 granms_ of residue, as

morg 8% thermetherdsisy camprsiens Rseodgme thejmyenti, omdp Mtﬂla;n(a) has

ot 5 e S5 A loopoens

havipg awadion rmmblaa.wbavg 4, ast the r:gmedéed:lmgomngr Manwgtorf]'ls?ﬂﬁt

rarrBo S eterm ne t ho
wmﬁa%& 8741 3£ ng %eeg}r (wEompriggs hafé@rver@ens, agmaanérrfmln@ahave
a bonmgﬁ}ﬁéé AeiBeGb BN 10878 2t B8 0§ %'bbilpilge%@é figh

ght ratio of MCR content to spa
betv@pn 00 Peand 290 8C at®dO1 Nﬁ’acafmdmgtrange distributipn taat\ﬁh&d 2:0]0 °C and

300 3 o BADLYR o HaR g bl el Ao ) R 101

MPdyehd o Boilkhp 35}1geaﬁuinmicﬁmweéen%oaml ¢58P€%t 03 02MPa; (d) has,
det er m ned c?/pASTM Met hod D2007. 10 In sone

per gppfichideitecd, ahleast Q0% gromsof bydioearbprrshavirign boiling range
dls“@%ﬁ%%?? {O:ng;lbsdmg:%o I'ng ? 0 lggr ?’%’3 & Egyagﬁaarg(?nsc}?v*ngeaab oiling
range distributioh betveeen 100 °G e@ad 200 eataed. 100 MP4d, ©f00N @fams of hydrocarbons
hadISIHed a%}g %lonally dIStI||°ed ?f

ViRg Ahoting nee Lvesar OQU A 30956t 8, 10zlrMP%rQe001 grams

fhﬁﬁa&?béxﬁ%g
° ram O‘fl]BCI‘%l}%te ngggé C?St?bcorrprl ses % Omét% 101

Wap@ﬂd ﬁ? ant elfamﬂlﬂfd;lhdﬂtvaatbon:ﬂlﬁvmgmbmlmg ranga gstrl:hlmbn ibsiuteien 400 °C

and B B Ry e iar B e L B o i ot om0

to 20008t toi 10161 @B tOSLBERR a8 W4l Bhg R OF atlealt l'd\é’@ 106} MPa;
at

boi |i ng .range distribution between 300 C an
(2) comprises nighsl, vanadivm gad iong(h) hasgas lelist 00PN grams bﬁtcm Ni/V/Fe

pr 08 36408 20 e g A S RS s o
sulful gt grgmeoflenideifod; (JANEE at least 0.001 grams of VGO per gram of crude feed;
(1) has at least 0.1 grams of residue per gram of crude feed; (m) comprises oxygen
containing hydrocarbons; (n) one or more alkali metal salts of one or more organic acids,
one or more alkaline-earth metal salts of one or mote organic acids, or mixtures thereof;
(0) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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20 distribution below 100 C at 0.101 MPa, 0.001 grans
of hydrocarbons having a boiling range distribution

bet ween 100 C and 200 C at 0.101 MPa, 0.001 grans of

hydr ocar bons having a boiling range di stri bution

bet nQ1skCk ..q Of
hy dl;ﬁﬁs ?@F é(%%so Gﬁgv ?Sn g@eamg%nﬁ pgﬂ‘é' sd S WIP%;H%‘ %w“h one or
molkaif WeemneBods & c&imj)oﬁﬂﬁné?aai)rdiné.fblthe HR%nh@rﬂ@r@quéd QAR

of hydrocarhons having a boiling range_distribution
obtyaiblp by raeryieg pap SOmEOHRASTRIS Vol > thaw naphtha &om\prude

. Sobg iy s o Byl o A e
moﬂﬂmf thengethodsdr amfcnmmtﬂoﬂasdcoﬁﬁﬁg fo the Iﬂifeﬁ’@dn aethod aff contactmg a

T A TN N
profi§e® $h which ﬂ&%fﬁﬂé fed (?4: Jdu):t A hile 4 € Q%hﬁa&g? ¢onfent and
ans o PTERY St

grans or O. gr Tur per gram of
a MOR cdmtaﬂndt @atsum df@]:ngieefm 6% amtcpxes copitenih abfl ceudedfeed MCR

confeRERS, o SRl oRete prodes Cs GrRbatetis CORGBLARAARTI Fiofct MCR
conle¥eis O QR ftacting c@iaﬁldaa afE Rt Pbich TRk & &@?l thést 96% ,0f S

one Or nore or ganl Cc aci dS one or nore al | ne-eart
and/ew (l2)l the edrtacting conditions mpmttm@drsu@h thet alweight rauno>dfarM€R

conlBESS5L b GRS Rp e 5 STk 7

froml 2a81200, B8l 13 t6f1.9an organic acid. 22 In sone
embodi ment's, _t he invention al so provides, in

corBsPraE EBROdmeRtso the inyentinp also provides, iwecomdmation with one or
mor@ %?Hi%%éthé? g?:%ﬁ%%g’tlg& Jrcg%%dﬂﬁnfgﬁgﬁ%%ﬁ%na% g& ];lg goﬂ.lace in
whishotbe é’tydiogem b@rﬁhan(abl amkbinn @y iakagen rgafjié{c) methammd) light
i t he tion also provides, in
hyd{?&ﬁ‘%ﬁ’ﬂsan?% et 2 %‘ﬂ@f &}mg‘tH{ﬁS @136‘?0 ft he nethods or
COMREShE bMBSAiRfAR] e Mvefoh Ao pRovEdHs] ﬁrbon?mmomﬂﬂpém or

contacting a crude feed with one or nore catal ysts to
morp pbthgaecthodser &bmpos;timmacmdmg tndheigyentionea meﬂmei of contacting a

orudb 841\, e I GRS, iRt e 88 2 R pySpsh e RS e

produd) whersinthe Eruae ﬁeﬂd@cﬁlﬂﬁﬁeéﬁ PsonbRlihe @t BRIk 6 br @dfbled to an
crude feed MCR content is S, a sumof a crude product

Oﬂ'skﬂfg%"b]%itenes content and a crude product MCR 10

Cont s ERbQlmeAITINE Aeiicn fo RRAeY i i3pBlbtion i e o

mor@ bf the neetizmistoa compesitandictording tatie: inedtition] 4 pettidahaticoaiprises
wei ght . r tlorglf a MCR cogltent f the crL%de product
coDIAR eud %ﬁ% P, R0¢ OF BT rAtalyFs ihibe presaRee i dse end/er a

hyd:% gériiﬁﬂl?ce dntdQBhitolfink @or%a&mﬁ%?rﬁm%nﬁ Sich- éﬂat aP‘ atétitFof a gaseous

mmbodi nents, the i1 hventio rovi
hydlesﬁrbmmm to thenérudle fond isin a rangenivom 5@80(1 ﬂmnabdnﬁmdmems of gaseous

by SEF SRl SYEE vt 0L ey e R i ne e ayorg 94 B talysts;
(b) thdseldryel raReT n8BBydrégeh 39 &ontiolibd bl 9Blying : partlal pressure of

hydrocarbonsvim inert gas; and/or {f) "mXxtures:
the hydeqgen sourpe; (g r@nﬁﬁhﬁdtmptam(;s suvhdhatithscratls product has

TANS PR o. Bnblﬁ?ﬁrebﬁ ct,ple%rﬁp%ke s RESHEN an amount of hydrogen uptake

that will cause substantia] phase separation between the crude feed and the total product

during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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nore of the nmethods or conpositions according to the

i nvention, a nethod of contacting a 20 crude feed
with one or nore catalysts to produce a total product
that includes the crude product wherein the crude feed

hou R a5 8 o B A B8 bidtPd i irde e Aot 45 e, o
at rhd¥€20 RV () 4 pattial Sressfeof thegas antl/of P hydRb s emomdehs @Jiﬂrolled

or nore of the nmethods or conpositions accordin

duringeoniaiéng i(@ha C@taﬁémgé@nmwedé ibe rangs frops5Q-500 5& 3 togal hqmd

oy S99 Y15 B B34y A om0 200

anda6fl prebdurd 6f the gtamid/mgh@ Hytﬂbgdncmr@lig th 4 fbe flom 1.8-20 MPa; (h)
rati g of a gaseous hydrogen source to the crude feed

a flow of thegag andfar the diydrnegn soues ian a dimsetion ibpiis sowter to a flow of
e AR, (PR S8 58, BRVC SISO B B i 0
hydsmgeﬁmpalate bgttlee mixdel fded hy stmage ?0 ggﬂ/taﬁm d Bngofrbmol - §9cbrily50

i a pressur (0] r en soyrce,
norga] by P@%@g&yﬁmp@gw i mstes of amdg ?‘fy?gt (k3 he ¢rude product has a
totaPWSWFé c&ﬁfﬂes S%Bﬁ 9085 3t ba50% ? ?Oﬁ aPiost 1094 BY e(?@?@ e content

upt ake i's an ‘an anount o drogen upta
of ﬂm tude feed o(1sthb snaietpreducphmasuﬁ'upmmtnt@ﬁ 7Bdt3ﬁ&€eor 8k bZO% of the

s 595 5 e 50 O el 0 S g0 o
90-1 7099 bR th8 /GO chnf2ft ofNBE BRKde Fel} ) RS &hde Plodlibthal ¥ FEiRontent

source per cubic neter of crude’f eed: 31 the liquid
eedid

of 7931 3p%uer 30-tH e of the r@&lﬂucycqﬁen@ af;ﬂumﬁd@r ohthe ncngl@rproduct has

o0 GRS e B RSt s, 7O st R 0% g 086, Ry pt 10%

. of thémcﬁgm cogent ofahy aadé ﬁeeﬁqm ﬂxelclraﬁa prdﬂhidt hes & widlavhieAgof alkali

ntacting terrperature i.s in,a range from 50-500

met&l %ffl slkelan -gardpefal, fouietal sals of ergpgicseidsp a*mpﬁfe%g(a@t most
ow@é%ogg%wxﬁq@%s&eﬁ%ﬁmllﬁahlg e Thhall idfhetal salts

t pressure o as an /or
of ongadiconpids in dhe c:mdu: feedn(qh a Pavaiie dfrtha:rcmd@ fed, dizg ¢dujacting, is at

teas Beef g Reon 8 Bathvierosg 45 P EE, A oI Bpusafost 50%, or
at n{o8EI0% oF ihet\fi&oﬁi'tjﬂgﬁhﬁ Eﬁﬂb‘ Cféedfmm oo @.) Phe &Qdelﬁ%afhaaan API
H C of the crude fe hydr ogen t ake by

BRI 0r 300 pEamAPh BB} liaanide food: And/ah@bie cudeprod: hes a

r o) f_.h r._c
TA of & Aot SDOR A SR, AT 098, 41 St PO o it b of e
TAN of tle dvide\Mebd and/ot @ radde Bém IO0KK] t8Q%, 001 t60SY, 0205 16 0.1.
at _nost 10% of the Ni/V/ Fe content of the crude feed;

( 1)In serae empadimanty therinyrasion alsa preyideso i combipatiopgwittseng or

oo a8 g KoL i s

con@CariglDémaé feteﬂem‘tf&ﬁwnﬁma tatalystslaad conteslihe estitadting cohditions to
has a residue content , of 70-130% or

crude ro
redugg af%@m ﬁaén? eXygFhcoRaming-RongoupAR incyvhigh: (Rya gontengyof
seleEt@@ ofg’aHﬂ:eo ?9&'&'&{1 pdiERs i's@e@&a@éé(&%a@&l@kﬁﬂ% pPdduPRAs an oxygen

% at nost 70% at npst at nost 40% or at nos
conm@l%f abfnostiR0% ¥ theroxygen enntend bf theeradeufded; {b)eeadt:as( me ¢dmpound

crude.product h a total ontent of a metal , .. .
of QTG YD coBiainide ETounis COaeS 8 91 S0k OB R Garpitio acid
(c) A%adForRicofipoiiR® bf B8 Yroadic (B pén containing compounds comprises an
alkali metal salt of a carboxylic acid; (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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50% or at nost 10% of the content of alkali netal,

and al kaline-earth netal, in netal salts of organic
acids in the crude feed; (q) a P-value of the crude
feed, during contactlng is at 20 least 1.5; (r) the

s SN Bt 58 i Fp Rl BB et st o
a cirbexficted, nbetbiftheIdetdl ompiisds srtorGhordendisle fiéed COREAID of the

AP|. gg avij t of 70-130% of an API gravity of the crude
Perjqdie) Tab]e; ude predust bage qontsatief normearhoxylisqopirining organic

i A e A ey
comﬁmmds frr thincide Géed, andlo(g) Bt 18dst e Of the oxfygéh EUntdifing cdmpounds

. enbodlnents the inyention al sq, provides,
m ﬁcwgﬁ%?@ﬁe Arigatesifrom garhthgnic apid er sen-earboxdicroatainipg organic

EL hfes according to the invention, a nethod that
nprl es contacting a crude feed with one or nore

c at bl spmiesenabuddiments, rthe invmgmm’mmbmlgs dnidinbination tith one or
redi re a %tent of . porgani c,,0x n.containin

O RSt SEboseig L (B dnventioh s pedios figh foprises
confherigg a CERIETeh biie B%H&%twmtw?ﬂ:ht(ﬁgm EIcHIR feed is contacted

tgroduct has an oxygen 30 content st 90% of the
R lgast one of thecatalystsat adia'atdenpe‘ewrc foilpwatl byeastaciingat a second

tem%gﬁaﬁg,sa&gtgé?ﬂt!?elorgﬁg&g? lﬁgﬁf}hl &hﬁﬁb&o%;&gg‘%‘: ting
temlpematre WA |€RNPOUD thvdr theh@h® sbdNd or¥dtiR temparafirdli (Bpthe crude
reflrpOUNds corpr) ses an - alkall metal sall of a

irq9ptagted withchydrogeg)at afirstdydrogen aptaksepensitionand then at a second
hy&*%ﬂﬁpﬁaé&&ﬂ@ﬁo%‘éﬁﬁttﬂ 18 nﬁBgragtﬂQBg %r@ggrit&ﬁ:'m{e c%ﬁcgmg§ 5 at least 30
°C aver &mtth@t@ﬁnpeme uﬂﬁaecﬁcdﬂdaxpw:@aﬂonmuony@yatheammﬁem BBY -
confgEfel VAt G bre & e oty Ak Pt iemopratyfe IoDouodbY songacting ata -
sec&ﬂ@t@inﬁ@iaﬁff@ ahd tﬁhf cch‘f&ﬁ:tmg> ebhdfbls J@ P&lﬁrolfeﬁ)suéﬂ‘ﬁaﬁhh’ fest .

product has a content of non-car oxy I cC contal ning

conwgwtmpmowmostﬂoafc ower thgvthefse¢dnd coutattiug temperamre (d)
hox t d th
by 8 ORHeraf ng sheatntl ARy froded BT RtPisipigd ot

conthotihgiant fige AMRENE 8enditidhstabealss bsiftrdiRa Guét thii thabRile feed

from napht heni ¢ aci d or non-carboxylic containing
uptakes ahleast apeitisarpidhmpaaraied hydmossant!) Bessadaised b, contgeted with 2

first dih‘d%%&#:ﬂ'lﬁ s Al glﬁbﬁ&ﬁl g GRAL RALIAH dil’ixlr%t iyt forms an

nmor e s of NpoSIt1ons accor
initiaherade pmductaambwmamtthahuﬁm rprdepesduci Ham'ﬂhbbdﬂ ab gloat 90% of

eed t n or nore_cgatalyst n whi ch
the ffﬁﬁp ?,#fha &mﬂé“é o optacing of thedRitix crflé%g&oda"ﬁ@neﬂhq segond
catabidt RS laSrdde oédcft Shndt ARG tletrfad ﬁlohﬁér‘]tgq% EgAN of at most 90%

cont acti ng at a secon enmper at ure,
of theoh Nofithejinitiah diude presiuet; o(g) cortadingdslperfiormetiimb stableed bed

S ORI R A, e o
conta€Rd with A0MRNEICAMIY s QAT @ntdt WithShe gﬁ/ 13HEGR catalysts;

upt ake condition and then at a second 15 hydrogen
@ oagpam@r% ofilie catalysts amivmdlmrecméwatamdéhmmdhieeﬂ iy axtntacted with

t 30 C th
an EBIR BHN i 87 pleberlt 55 BifroRRR sEBHRTRGIER o cOpiagt with the
vanaintl @afabRe (khydrogen is generated at a rate in a range from 1-20 normal cubic

meters per cubic meter of crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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contacted with at |east one of the catalysts at a
first tenperature followed by contacting at a second
tenperature, and the contacting conditions are
controlled such that the first contacting tenperature

pofpéaper Eigber 5 00l SSRGS i v

that:mﬂbwatt’ thrggas(lsjn il;!deamgﬂ hay dscduitey eanihie Floddoftte cAde feed and a

Et acti nd the act| ng conditions are al so
qns'gl ?a?at rudg degdds gontagiediwith apanpdivcatalyst

¢ S S

and:thel contacting congmmhs tfecontroltie] sueh dhatti@ firbigtefipérature is at least 30 °C

a t for I ni crude product, ~and wherein
l°wFﬁﬁiﬂPryﬁﬁ @SY §e%gq3ANg€ﬁmé?d firng %%C@flg, the

cru@@fe%ﬂ@s&ﬁ%c@éd\kﬁﬁ Bdkﬁﬁo ﬂtgl écon cataﬁ&s‘?{ or

+ U

tial d t
GODggh@éSalmh;g;Idﬁe a@hﬁon(;ll aatglwst Upitekes ntielzst pmorhmﬂoﬂtﬁg@eiﬁ@é\l
o fot ti.al d
Bl 4 B e b o e

a seb&:&ﬂeﬁ{pfere(t&)s St ebitAdingToR8bAS A8 dohttol B BN IHAAH @scond
bed reactor; fé{; the crude feed is contacted wt

tempegture ératileash )fst subsequent to contact with the one

or I re.of the cat al S

°C Epme ibaibs BOnbblic e YrolRes iR boh BB Pu Bhgor
moreicfithe rasthadslot ¢dhﬁ1ﬁisﬂibﬁ§ atcosding fo thB e RLESE '&Qﬁetﬁéd fhat comprises
urce.  subsequent to contact with the

n éd ro g en s g
con; Grhde deedd Wyith ong oy mesp gty ingvhiehi de)dbe gatalystds p supported
ot ot DS EPl HET FAA. eT, BB
ercomunt@nda;magngsulmh?ndec prmiéxtiies mem)fp@)? ttmcmmﬂysMsga”hu?ported
catafyf rid 83upictl R ebiPust &) e TBhGT Brber sapamisgann addtionshgatalyst
that banbesi ieagtreéAedlity emperahfe SR 40NERIo R subfifBatidn? ?&3 Aife of .

flow of the gas is in a direction that is counter
at lepstone of thegratal yts israg ipastid yearnanddor (¢) ad\east orernf the catalysts is in a

ﬁxegggﬁgpglﬁgmla QE&g&[}? fegg/%tthe crude feed is contacted

avanalumca at a first tenperature and
suﬁssome etobydinicnts, ¢ invkhitibh alalpredied] isdonHinaiot &AM he or

er at 5 and the contacting conditions are
m°‘8 B‘EBF tE%‘sz‘H CRMPREitioRTRcCETding tog prtiay; @ methagh thatcgaprises
contiire 2 HOUE Reck YA Sk 2650 B SHP AL B of Bl AMPHIET

supposted gatabnst o & bulkmedad datalyshanid txhatsapppsthd catalyst drdbulk metal
such, that the

cataf{RE s GETHA O oot siale SO Coldmat 4 es Bitiaghe Takle,one
or mYSNEnapcihds BY SicOsiSRore NAAI9 ﬁoﬁrpﬁtoﬁ.\gﬁml L Wtﬁ@?& dcﬁc Table, or

subsequent|ly contacted with an cata
mixtures sheyeedy () hesnse eramupfcatalys, 4t heast®H@Gicgrams, ﬁnmn@t&ﬂﬂd)%

sranfly i 81 153 Ui ok SRk LB ratom CABSPRH phife Perodic

TablBJ E® q@ngote dempoinis@ahé BefnbR n¥alsr @R €ofimnsR1 § pPhe tP@ﬁodn:
met hods or conpositions according to the invention,

TablgAripirtirpstheregfide) eomprisenenertneny eetdls from €elahmiot 19 of the

P GO WGBS bl b 555 B 1o

Pencalmﬂfabia,, orshiktwzes theiebf; ¢y @np¥isedond drimde WiBtAX K@ Columns 7-10
of the Periodic Table, one or more compounds of one or more metals from Columns 7-10
of the Periodic Table, or mixtures thereof: (e) has, per gram of catalyst, from 0.0001-0.6
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zi rconi um oxi de, magnesi um oxi de, or m xtures thereof;
(b) the catalyst is a supported catalyst and the
support is porous; (c) the method further conprises an
additional catalyst that has been heat treated at a

b TR Y163 8y fr G0 okspbleiribrals gy CPHI % | OB e PbrBage
Tableadrie ctiabre comppurils df @As br MOR: Mbtalsifrort Tohlnveat 510 éf the Reriodic

éo fixed bed or slurried in the crude feed. In so
fRsanprBrestherend (Drrpaprisesong o sngse satale fom; Golumns 56 of the

Per‘fd%ﬂzp*rgﬁ%] e Hirhdre 9@’588‘5‘}‘13 %?hﬁe o mBH:emE@fslﬁ)o%? C?;Lunanstsng of the

conposi tions accor e I nventi on,
PerialipThlslesor mmntras:iﬂmnegf dgdontieisteemt oy m&eaﬁaalﬁ frofPCelumn 5 of

th ?at_aa%s]gg at | east one of _t he catalyst is a

e$§Hp le; 9pe, prpreompopndsofAne g mose mefals framCalwan 5 of the
erfd&’(P Qﬁ'ﬁ:ﬂir 38&31@5 t

P np?lélgggo rone oér'l nor ef E’éﬂtﬁ;’?’?‘?%m @gfiﬁﬁg%@y@ﬁ# 2%00%51- ams,

ﬁ-olné} V@126 Paixhs; 0.001 0.3 gramspd.005-Oripgrams sordf.0160.88 @ram®o£ one or

mO%e l%g%fseffgr 5 s %?H)Scl#%g&f F;I[él?)feg gg%ggthc o ti{pglpds gf one or more

medaﬁfﬁém@&lgﬁﬁ ST QIEESP_ erldd®T4b1&) 8P Aiifrufes tﬂéré’é?“'%? ﬁ&@one or

0. 001- g: - one or nore netals
mog_rg;gabfﬁqm obunn 6@|f the Prribtlie, Tableg one ompm awmuudnjd @i or more

el Rlnip B el AL, PP it et LBy ptchedin of
cataﬂmefrmtoa@mm 6 Grdud, 0100$-08 dame] 0.b0%20. 1P§5m9d1 ®1-3.88/gfams of

one or rmre conpounds of one or nore netals from
ones s snekals frogy Colwmn (ol the Bedodie Brlle, ene aximare eempounds of one

or I8 545 £ CHR § SFhe PUGAE TUBICo/ RS ALATECR MiiSrces

er1 odi nore conpo
onegmenaye mutale froet Golandy nofihd Perivalic’TdHle, ok of ﬁﬁ)ré’eﬁmgdhﬁs of one

o A e AT Kk oAb e i
graffof @RALYRY, FERA 6.0081-8!65grhih9 B $00 LBSerdmd 01 Une b frore metals from

Periodic Table, one ‘0or nore compounds of one or nore
Colpmn A0 ftheReristic Fahle, pne or ofore ¢wmpmnids df ene Fabbre metals from

t f
Cotff 10/cHind DGR Toe op BRRES= 6 & Gnf FeutBiisee palGppne o
more @oppounkds offvapiiing] ormixeurseihalesf: f(hpmnﬁﬁiééﬁﬁfék(;é_l Enbr more

g

t he Periodic Table, or m xtures thereof
compgppds oficksheor GrixpRsthereets (o) copprsTsHiobals dhe@F mare eompounds of

cobﬁg :dg ?ﬂkﬁl{%@ﬁ%? m%gﬁ{g{fgﬁrgoﬁ(g %&H‘ %?le $I- H%Peeco%po%ﬁg of

molyidenurms sr trimetumsftherédf) (dhass, ppegra@rcﬁlmmiyst; dtozh PH01-0e8 grams or
ranms, 0.001-0.3

sromp 300" i3 & B bt Gpe o BormelygraHts bompaEs g mixtures
therEEﬁT a) B&hﬁhé‘zﬂsfﬂﬁﬂﬂﬁe@%ﬁlﬂm mor ko Pguﬂ@ ot @lﬂiﬁt enafy! rﬁz'x&g?@thereof

or nore conpounds of one or Trom
(s) Igs.qfer gram phedtalpitcrimidl.01-08 grims off emgstarmronefor m{dry tungsten

con R, 68 o PR R T R Pl or

Periodit dlablefandBneok Hivhe Mefils 618 ABAMR U0 of ﬁﬁ@eﬁodﬂgr’f‘able, herein the
m Xt ures thereof; (j) has, per gramof cat rom

molgy raide of e@cé\ﬂaﬁéo n@tﬂidﬂ_ﬂ@ Goluyma Ganetal 9 diBn01 fo @;r(a)m)mpnses
f |
e BETEO BB 51T S RSP ANE h oso

one or more elements from Column 15 of the Periodic Table, or mixtures thereof; (v) has,

per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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15 or nore netals from Colum 6 of the Periodic Table,
or m xtures thereof; (k) conprises one or nore netals
from Colum 10 of the Periodic Table, one or nore

conmpounds of one or nore netals from Colum 10 of the

rH.0d] ' reof - (1) _has, per

of EPeROE TEBR, O plbeptBs MelbaFE oA ofPrut ohe p Bloptprapoynds of
ph@phous 0 mixhereDtherBof; ¢ x)kisalt tndst 0.Ngrisd o ApHDal@hidaMer gram of

Peri odijc TS\(BI e, .one _ar nore_conpounds of one or nore
catplypts PR/ % (RRSDAEASE Ard Eem of WhRiG ARG gREETRELPESatalySt

m X : . vanadi ne . ..or .pore

Comaia, Sapoents) AL WEARHE I3 pHARTR M BopibifaiBh willonk or
morooipihe seshotls ok ebmpositiorsracomting t6 dipiavaiond mMtRIRIf fordfing a

t@‘ixtures.there f:. éo) conpr|ses cobalt, one or nore
ca gﬁﬁgmn}&cm@%@g f suppo QR 8r MR mefals to form a support/metal

. H | -
oSSR By 80y SRSl g
suppal qtd?m}dhllro a’a 9 tedibrawe of atleastchO0 Z'lﬁt, ﬁt:jd?ﬁh‘lﬂeﬂ&ﬁnﬁ'isk:jg: (a)

.als no U one .Qr nore enum._Cco unds,
congiRe B4, rpo R EHERIBHoP Pt G 1005 ARAgEs K B fhe paste;
(b) BBfathiRP tHeeL ulaSim byl HeapRtMihg aBimifh % Mfeﬂgaem&%%%i ze?&%bo °C,

has, per gramof catalyst, from0.001-0.3 grans of.
and{or{gknudiwrizingshe patalyste t ungsten conpounds, or mi xtures

th : : [ ne or, nore.etals from Col um

6 ol hilodBRG B8 R ort st BIORiAE iR sSrablagin pid e or
mof@afubsmethods of bsmpteitiordiaccotaink @ thatifvédtion ! \@edBd MRk Bémprises

rat.io of the Colum 10 netal fo the Colum 6 netal is

confacig & crulegted vith oaepr meescatalys, én whishdhe berwsiveslistribition of at
b S Sl o] A T B ol 0 B0 TPRARSD A, o

- leasbdB0 ddlatleasti208 A, af least230rAs st 1eastr300TA, af wosh2E0 A, feost 500 A, or

in a5 oS- 0K, 1o L AP B A 2Rt Tagiboo SofcEioo ;oo

© 60-30TEA Ofb) BBt HOMPOLHRE Sotlf iRl Of ot Rave! d300 ifiniet? Within 45 A,

lunm_ 15 27 of the Periodic , or ‘mxtures
35 Arar280h; of(thy meHisepot diemetsnidca surfirce arrarvf atiledst 60fm?/g, at Jeast

00 398 Ml B0 Y/ e oadh B30 Rl st 139 o ast 20 v gy o at Least
220 myYg;aad/oa (d) £@8dl vOluteOsfalitofakie pdres of Allaudi 03 chble, S 184% 0.4

30f Cflt algyst.3l'n some enpodiments, the invention also
"m?ﬁ’ﬁ'{/eﬂ% -5 ¢y /gt ieast GAC/Bh one or 5 nore of the

met it [ . i.nventi o a
e ahs BBt RS AR L A0 HENE ot or
more @f rmethiodshoramenpositions sccorting ® the irfveniidm a method that comprises
support/ F#al 1 xture, wherein the support conprises
contppiies %H“ge' ‘??Q,ng]h%“"rfgaﬁw? SBRRITICH Caialystshizy whigh the svaport: (2)
HRRQIirh iR} dlicd]] i ffd

comgHRA IR, Sl o, ARG G 5l
oxidey pryoitunge thereof; and(or gevliten(b)vetmprites ghmnm dumpimtand/opdelita

1 X1, | t h te; 10 (b i ni t het [ .um b
atunih USSR AF  iportart 1845 B3 Bhihe OF wire i) hesoper
granCof sUPPOLtOdt 1645 0.3 Wrdrs bzdtNshst DS grRh@bH/ g% alUni®? TFe) comprises

empbodi nents, the invention also provi , 1N
alphg glsinggaprman iminm, delty aluminae theta alminapotiisure thereof; (f) has at

mosgtg.r'?;%?a;ﬂéée éf)élﬁhaaﬁ&%fn%ip”e? ol bPGLayention, a nethod that

In some embodiments, the invention also provides, in combination with one or

more of the methods or compositions according to the invention, a vanadium catalyst that:

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises

28



10

15

20

25

30

contacting a crude feed wwth one or nore catalysts, in
whi ch the pore size distribution of at 15 | east one of
the catalysts has: (a) a median pore dianeter of at

~ least 60 A at least 90 A, at least 180 A at |east

@ s e S e Smagriling el atufS, acffiBe Qi Bkt Sy & pore size
disthibufia® withQ Iﬂedlﬁﬁ Poreharicterl i TASt 40 A2Q) cHBPrises one or more

300 A b | east. 60% of the total nunber of
messgsr ( ) rﬂée%mslm Tibleyionsios mpse gompeymda of gpe grgmore

el i?“e%t&?’%‘ RER PP IR, B koot BB P (30 ber gram

of cmﬂadgs;t, m&eabe@ﬁm gi2hsrof! gpe atmdre asdtald ﬁﬁmﬂélgmna& of thaPeriodic

or at Ieas 220 n2/ d/ or, (d) t al
Tal %Ioﬁ?ﬁw‘;\’r 8?°r%F‘I’mB?“I{dﬁ &1 fBF gsmgre Ig?mﬁ f@ﬂ%ﬁﬁfﬁw Fgriodic
Taﬂl@,%?&mgnﬂestﬁéi%ﬂ at least 0.5 cnB/g, or at least 0.7
cnB ' '

I'n some enbodi nents, the invention al so
pr dinl soae, embodimends, the invention dsoprvides, invombiation evith one or

moff e e oS B Rorsaions s8CeEinE 1 e v<ptp, Arons prpdyp et bas:

(a) @W&oﬁﬁt@n@s@ mqonbﬁiﬂo 001 #& 0.5 Fom I 0VIMBICH ok RANPODBYS 0.1; (b) at
ri ses alumna S|I|ca silica- alumna

mO!ttu‘)Z(mpg Sdlf the alkalh metah andi sdﬂeahmwgnb sietah inanstaksalts of organic

w9 B 0 A PR A R o
produgpidfor (4 greesthaf Ofgrghg;ﬂﬁt Dsfas SRR 15 rikis, v at [ed3t dn8of the

t%y gram of support, at |least 0.3 grams or at |east
ca %‘55‘?"5&%’“6’?0 PEodiclin na - (e) conprises 30 al pha
al t i
iy Wgsgtﬂr&reme i ééﬂg%‘ 'ﬂle??sv ﬁ?ﬂn 4l c?]!’ﬂdmdgé i ‘i&ﬁfaﬁaﬁ&ﬁ'gﬁtﬂ Ane or
momlqﬁ lthe methrilsior enpagitioms aécosdipg o the mwnanSOnmmnc or more alkali metal
odi ments, the inyention als [ovi

sahe§ GPOR SR8 orpalic 4 Ghe Smpes Aiclinteeart tistldalts of one or more

org@RETRAES, bk BIRAGAREELITE WilcH:T8) dtRARNAST thalk AN Akl s lithium,
cat al yst thata@ﬁ/ % has a pore size distribution with

sodignyen patassivme afleast ope of basikalive-carti ipptabompragaesium or
caI a support, t he support conprising theta al um na,
t he vanadi um cat al yst has a pore size

d| ihrsbmutehﬂﬂdiméﬂ%s, gheBeeidnRINEprovides; e Eorfibinatior WAk bne or
nprises,one or nore netals from Colum 6

morspf fAl}?énﬁLPﬁiw @%}b@m 8erording frythe 1uNsRHoR Raaethed Bigboorpprises
con a BRle e J}’%ﬁre@g%ﬁ#t% préduced t&a%ﬁ%b&ct ¥ includes

mxt res t ere per gram
a crudet proghadt, thatndthmtﬁxrtﬁeﬂ@)m;grsmgs (Dfcombirdngtherooude proddt svith a

m{@aﬁ%”dﬁfﬂwawrf 05 SUEFP e Acrage opt 108D Aol

tran (B) col@tihfhg tRE criliX brdRst Witk h @Rfde d? 1s315ﬁg§ame or different
enbodi rrents the inventlon al so provi

from; thetsirede feed tw\form &Menmtahb rfer wéatmbuat fﬁmtm@aﬂ @)d‘ractlonatlng the

',t' S ,&C th n a cr d
BURARE A QLEShEtd fe cRSe Rt il onelu by Fiselass
ﬁ'acﬁo&Q dnd produéing a8 oPtafidn fiRl Broms at Wast SRBrADJisiiPatd frlctlons
(b) at nost O 000009 grans of the alkali netal, and

al 1 pome chpdimants, Hie inyentionalso prevides, of combjnation Wil prtsor
morg ?f Rﬁg /r@{'hcgéspo%rc% Pg%ﬁggy %crcagé CQ toaﬁw 1%%}11:1(91 9%919 ZOrg:{i chalyst

composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram

of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha
alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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product; and/or (d) greater than O grans, but |ess
than 0.01 grans, of at |east one of the catalysts per
gram of crude product. 15 In sone enbodi nents, the
i nvention al so provides, in conbination wth-one or

r tzh S|t|on ccordL tQ, t
ot IE i 250 e B AR BRI IR S S50 oft et
0.3t ¥g of gdedst 07aineYg; (O 1es @'surfBécared SBdtIERT GRAPIE 3Tt Rhst 90 m¥g;
salts, of one or nore organic acids, or m xtures
(ehperpsises one Rrnens metals fiam Cobumnsght) of the Reriadik Alable, one or more

t d/
colfpo o b ApH e G P B3R AR i B s
thegwof; @) camprisasme Ion NRAEMetADHEMEslimin 3 dfehd Pyestid ‘Pﬁble, one or
also rowdg in conbination with one or nore of the

m"ﬁ%? oRfersmpregnetalsfeasn éﬁo}*@méof the Renipdist Table, oamnctures

e e IR AR, SO S00000 CLapd BPEPRTT prt groms ot

ong eromorteSolumncrmelalsp onelocmoret GehuimShnetal ¢oniitsinds, or mixtures
thefe D) Qntioed e & Barmneiis fom Cobin § phihe diselogie kable, one or

mof@@ﬂnﬁdﬁnﬁ@bffb& & B AdthisFRIe Cf)ﬁft%n % Elﬁg’é F?‘Bﬁb{ii’&%ab{eﬁ))r mixtures

conbi ning the crude product wt
thereafikbhasdpert gramraf cataiysto frdne 0000H6.6 grashs oo fibar G0l -m3eg:ra|ms of:

on 4 b, SR of Al e ol LS Onel L0

thenbfxctl)abmpﬁiséa VA divim, HRE Or Hiosd Edrhdudds Bfeeﬁfaa%s oF aﬂ
the%pg |ng transportatlon fuel fromat |east one of t e

lcamprisesaelybdenung mng or mc@mmdﬁeﬁmlybdhmn or mixtures

e L I AT -

+ . (0) coraprises@nbaly one ppardre dorapsulidy $F cotalt PO teS tHeRRIF: antfr (p)

has at. L ast 0.3 rarrs or at l.,east 0.5 grans of thet a
SJesne T ot FOmRRYBds ¢ g, os GRpRTesdbergel- o
al U sBhel BB EMBRRE inveﬁﬁan Q?&gﬁhcﬁ??i‘n ﬁ im&h@ﬁ%ﬁ one or

al pha al um na per’ gram of supp as a
mog; Oféhfdlingﬁpdbm mmtldnsatcmdmgmo freriavahtiangd &ud&@omlﬁos&ion that:

@ WERTAREE dimcbf 1 BoshoBr#4gnost 0ty br Sgmast B ) oo e ifom of
cmﬂpeasibnpat'lea?sﬂﬁbm ghdns 6ﬁ§yd?oo‘éisﬁo§1§ XStha BAlisY rafhe H88HutEH

rISGS one or nore

or_at_ | east 90
betW 357G s a1 Gati 161 Ng’aont least 046@1 gtadns; atrighst §,006garos, or at

f 0
Ieasg@ ?8 gr w&%ﬁ '@ﬂ:g% b&?lﬁg rar"ﬁagx %ﬁ%&t@@t%eeeg 0 R)and 320
°C a:t@rﬂrﬁ)rllMEs, amgelt berasth 0@l gmmlcs‘hym@amﬁaiéymi? 2 b@fhdgft@nge
distReR DeFy e 101 5ot ° W Hi Ve () e doasi. 000 grams of
e guBi g e B! om0 HE PP & Rl o1
gramgerat dEﬂSU@rﬁl graves of total oitegen; amdfoe (é)cliau Bmbstried00S grams of total

or mxtures thereof; (j) conprises one or
mc"%@%?%@?%l 0 R SRR GRMPESIEON. t he Periodic Table, one
or I ol ERLEFFRAM) 85 iAle @A alo 18e§T§{ i eoétfﬁﬂ&‘)ﬁll 8i8or

6 of the Periodic Table, or m Xtures
morg, a@thewth@dsamcomp@amnymcprcﬁmgm the ﬁﬁz@ﬂmﬂl @ coudercemposition that

inclideQ'Th? oP b c:a%al%tgt rgxsld at least one of the catalysts: (a) has a pore size
distribution with the median pore diameter of; at least 180 A, at most 500 A, and/or in a
range from 90-180 A, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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one or nore Columm 6 netals, one or nore Colum 6
nmet al conpounds, or mxtures thereof; (1) conprises
vanadi um one or nore conpounds of vanadi um or

m xtures thereof; (n) conprises nolybdenum one or

port BabilSPRUEE A Rt SR P Yoo s 7385 urace

ared SNAIERN100M>/E] ¥ 19452 320 b of at leds0226 BARE (cge:%nﬁﬂl@és d L support;
one or nore conmpounds of_ cobalt, or mxtures there

andgheipupporspmpgisapainmies, silisrailicagiening, h’@r@m@vﬂd@,mgmum oxide,
ma 'k el ox185 ﬁfeu&ﬁﬁo ; thel‘e% ng?n}?s\%;sj '{)ﬂ@ g blgrmeetals from

nve Ion SO br ovides, 1In CO

Columihe 5010 dfh;he Petitdic Table, o Grapore lcem@o@s‘d:swf@ns Or iord Metals form
i nvention, a_crude _conposition that: 20 (a) has a TAN
Colgpng b- Kefithq Peridipd gblepommixgrenihereof;, (B) comprises prsser more metals

frod] dwluéﬂ? olﬁ%er PRI TAIE ot{nﬁ%‘i’ 'i%:‘?é | ng&rnéigtgg bfi@ 5 mBreMdhals from

grans ocar ons
Coldimsnts ofithé Pemodlb dablepor Mixtiies thdredfiQ g has, pér grfirh dficatalyat, at least

ast 0.Q01 grans, 005 grans | east
lcgrags gfongror FReTe s%%%gn §:1P1g OB BIOTS G@f) é@etﬁ compounds,

e BT e o ng O o b B
Tabley Dhe aymoancpanpdunds of ondort mare mﬂalweimm Galin@ énﬂthﬁ Periciic

Tabfl, oF it herg A1) 135 ned st P qotaly ot ieast 000 Bremgs B o or

more @5 6l ABtalsdbnd @ahbreQCdldn sgﬁétalsco% onhdd, @8 sdix@red dhereof; (j)
granms of tot al nitr ogen; and/ or has at nost

CoOmPprigesOYs: ¢rraehs metals drom Cohingsk b} ofd q criediel Tablepene aprmaere

confoaf BTy e Wby B ECROHLT S PECIBRL s

therbdie: ath(l@%ompn@m&}rtm&l slepka®y fibrh Colwink B8 of the. Penodu: Table,
i nvention, a crli{de conposi tion that includes one
one o5 MOre. serpouds of gRe onmoreslements frogy Colmncly of tb%?@mdefaTable
omnﬁﬁu@“ﬁ@lregfm ze distribution with the nedian pore
di aneter of, at least 180 A, at nost 500 A, and/or in
a Ina’m@berfemhwdﬁﬁemm‘emea ﬁ@nﬂs}a@cﬁc emﬂﬁdn:mwpf the jnvhmson may

di di t f .at. | t
be Bl Refints BORthor Gmrimgiiof e invenychh TrybsaBpie
featdxie§ fohDoid @fibdtiienTofahe thveftich ﬁhﬁﬁ@&aﬁbiwea With féRurs frém any
or 25 A of the median pore dianmeter; (c) has a

ofﬂsﬁiﬁth%r@em odimentss at | east 100 m@/g, at |east 120 ne/g,

O [R5utRR S RAIRL Srode iRk SR YRR o e AAfnads and

t he support conpri SEes al‘um na sPI3¢
systémkdescubed)heldﬁ; zirconi um oxi de, nmagnesi um OXI de,

zeqlite, /qQr mxtyres thereof; (e) ri ses one or
(iefulféh%e %PBEW%SS fifional Teatags ey e daes) fodhe spopHis e,
emb‘éﬂ élﬁsﬁ%(:ﬁb&ﬂ?@@iﬁnds of one or nore nmetals form

ums 5-10 e Periodic Table, or m xtures
B% ESCRIFTION OF TEHRDRAAWINGSre netals from Col um

5 of,the Periopdic Tahle, .one nore co
or Aerieges 64 € plestat terHotion ol bEeaCHCARPRTARG i Boseib I3 In the ar
wittOthe Ebﬁ‘éﬂi ro?%et faﬁbﬁrﬁ{g deltflled "RSoriplBh 84 ﬁ#%rplfeféi@ﬁél e at

| east 0001 grans of one or "nore netal s,
accmnwmgrcbmlmumwhmﬁ met al conpounds 10 or mixtures

t hﬁéoL&S 43%(%1] 5 ofrgo 3s.Ile eszm ment or}Da COII&%EII?& gystterrr?m Col um

FIGS. 2A and 2B are schematics of embodiments of contacting systems that

include two contacting zones.
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Tabl e, one or nore conpounds of one or nore netals
fromColum 6 of the Periodic Table, or m xtures
therof; (i) has, per gram of catal yst at |east 0.0001
grans of: one or nore Colum 6 netals, one or nore

Col 6 I .  xt.ures thereqf: (]
comi SR 3ha AL RHARes BefThaliieRR ordciiEfise doms tha
indPade thebecomtabling zams, or nore 15 conpounds of one or

more _metals from,Colum 10 of the Periodic Table, of .
mi xtiiPed 1s 3 sehergtic of amembediment eluhsnpaetion aprs Breombination with a
a@@%ﬁt&ﬂ om Col umm 15 of the. Periodic Table, one
cOor conpounds. of one or:- nore el enents from Col um
15 GGt hiés Pedhienuitic oF abérbodimentdofd bleading heresiafcombination with a
further enbodi ments, features fromspecific
CORACHNE S¥EKTL of the invention may 20 be conbined with
f ealpy3e6 i  QReRRAEbf STEARSITRRL &[H@ng |
exanpl e, ’ features ¥rom one enﬁ%%%en o@%ﬁfgs@ﬂmﬁ&{zone,a
coitacting systemyand bdlanding zoae. Wit h features fromany of
t he her e .ments. In further enbogdi nents, ctud
or o816 € BBGBHER AL oprestiyatiie MopoRg Ohapinotsed jerade produc

forsansdnstiRli:H @R GTicBREcIES Bk Rrudé Tedd with HirBetat@yRiedi nent s,

addi tional features may be added to the specific
enb &Gk israsgraphicelirepresentationrof veRpited DESGRI HRd it@hpapBtuiREersus

v 0 h resent jnvention wl|l
€co n@ﬁgﬁg%r %n% : tﬁﬁoﬁ?%%s‘f éﬂtg&‘?‘?& élg cﬂ#etr}ﬁ%c{]g} ong, pf ypope fgtalysts.
ben®lG19 isfa tabelafion bbrepregeriatival proferties6f drided feBd amntlcriB®Product
reference to the 30 accorrpartuu ng, dr aw r%; in which:
forn gmbpdiment of captagiingthe Fruda feadowith temeatallsta. cont act i ng

SYSEEH 10k %othgﬁaﬁﬁ%csi&?ﬁg{eﬁreﬁgﬁgiﬁé eﬂ:rt‘t‘)é%rﬁésb ﬁi{%@@ fEELSd crude

of contacting syste ng
prodoctefor aBémbodiRien8df comthcBBg theccraddfeed tiithswofcatalysts,

enbodi nents of .contacti systens ;that, inclu ethrée

coni5 g(é{rﬁn‘@ a §t.‘°q'—qafp m&gﬁeggﬁn %’H@ﬁﬁfqdh“_’té orgnbodiments of
corRARgichRIM fe@ls With BRAUHLOR ARMRL sPstgRITDI nation with a

contacting system 5 FIG 5 is a schematic of an

enbBHi s agraphi¢al eepdesentation of Prvabusrdficnudeipoodustst wersus run time

' Fl 6 4S,. ch ti f,.an
for SRR o£0R e ol s S BBl e Smgtems
CONFHE.1i3rig apyaphedal repichentalib® BEhéthydRipen uftake by clhude feeds versus
t abul ati gn of representative properties of crude feed

rungppe { gEDOgiBU of contacting crude deasisavifetour different patalystraystems.
t hepRE.UdSs b peibntial Fophdle GG A e¥iBhE content, expressed in weight

percentage, of crude products versus run time for embodiments of contacting crude feeds

with four different catalyst systems.

FIG. 15 is a graphical representation of change in API gravity of crude products
versus run time for embodiments of contacting the crude feed with four different catalyst
systems.

FIG. 16 is a graphical representation of oxygen content, expressed in weight
percentage, of crude products versus run time for embodiments of contacting crude feeds
with four different catalyst systems.

FIG. 17 is a tabulation of representative properties of crude feed and crude
products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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FIG 8 is a graphical representati on of weighted
average bed tenperature versus length of run for an
enbodi ment of contacting the crude feed with one or
nore catalysts. FIG 9isatabu|ation of

sent atd ve es crud fe an
that TP E VAR IOt BB E A e BpaShiibanaiiin SRR E Hifith glass
beadseed with two catalysts. 15 FIG 10 is anot her
tabul ati on of representative properties of crude feed

andl6k dgés a iﬁbukaru@n of propartics ebemidamberd ast camma@ductsjor he
emb% :lﬁzq&tg &F &J ﬁ é:r%dre&géc?sl With 311? é:‘rl lg‘gz}elcé}g R&{i $ L) hourly

crude € produc
spadé%lcaﬁﬁésng crude feeds with four di fferent cat al yst
syst ens, is a graphical representation of

P- Iy d9 é éﬂ‘ a @bul@él% pbprrperies of syde feeds endrgrude prodygts for

ernbg ? éei‘irtéerﬁf ?'ﬁ“g%m %&q‘t %% &ﬁggﬁnﬂ ehrr aa%#gc al

re Whﬂeﬁteanvmmﬁs snmbeﬁt;tﬁh tooenioup hmkiﬁida;iom a:ﬂemﬁmaﬁse forms,

rsus .run t or i nents, of ¢ cting. cru
specpg T ?feaf?qeé %WP ¥ dYay| Qf sxagp ’%E}Be 'g}“@ %E
r
dravhﬁg@nﬁﬁ;%hb&@ s e Phd AeRftod Lk f’%lg %ﬁ[}s‘éﬁng detailed

expresSed in wei ght percentage, of cr
descyiption ¢haretn aré net iftendehtedititehet isverftiondo thegpatinglar fome disclosed,

ds r differen st s
but S onitg, e ataRtpe (0 BN AL BRSPS S hped tematves
falliBg ¥ithiny thefspiit Wea sesRBIThSpreyedt fventioiad defihed Eﬁ( the appended
enbodi ments of contacting the crude feed with four

claHﬁﬁfferent catal yst systens. FIG 16 is a graphical

EDPESERIPTIONXYJEN content, expressed in weight
rude products versus run tine for

e mﬂbﬂﬂamaﬁhbodifnem roif dlgd inwentivns de desarilsed hetrdid il mofe detail. Terms

fferen atal ys stens. FIG 17 is a tabulation of
uS"'dr FELER %ﬂ%eg@s ?@b‘gtl es of crude feed and crude

pr odwaing” férs %&Mﬂ&%ﬂ%ﬁnﬁ&d@hﬁ%&ﬁ&‘ﬂﬁéﬁﬁlw ude feed

Wi th catal yst systens that 1 nclu vari ous anounts of

a IRy @m’mﬁr@faxsa*byd&tl gadtyeat\ 50 (60 Tt APY gtayityitds a

cat aI i ncl ude a vanadi um cat al yst
detegﬂﬁl ﬂ %&ﬁgﬁpég@gkum catalyst, and with gl ass

beagsmidhfdrogdeéh pecentdgalit aidreio cafboRpeRAtaEESf ME cAldd¥eed and

feed and crude products for enbodiitents of contacting

the %@m@oﬂé@@@ o3 dateronigedby AbTM b@bﬂ@@ﬁ@lat var i ous
4L gy .05 K58 pELSD A s e cmce

prodpctni'a ak detémnne& bb@cS’FMrMsthod DSa0Y aﬁitemgh@wmnémmad at

var;‘l ous contagting te atures. Wile the inventjon
< “Coasbltonss crefersya asa denes dbat Apipo/Hble i pentane. Cs asphaltenes
t T™ odi ments thereof are
conts té%g]g&bway 0 ialg)isanrpm’Z&Pé{,‘ ?ﬁgﬁdgraw ngs. The

“Column X metal(s)” refers to one or more metals of Column X of the Periodic
Table and/or one or more compounds of one or more metals of Column X of the Periodic
Table, in which X corresponds to a column number (for example, 1-12) of the Periodic
Table. For example, “Column 6 metal(s)” refers to one or more metals from Column 6 of
the Periodic Table and/or one or more compounds of one or more metals from Column 6
of the Periodic Table.

“Column X element(s)” refers to one or more elements of Column X of the

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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10 drawi ngs may not be to scale. It should be
understood that the drawi ngs and detailed description
thereto are not intended to limt the invention to the
particul ar formdisclosed, but on the contrary, the

. . . ' | i cati CUal ent

the) SYfEiq BAbL i WO SorBoponRit & 1St Mt fH0% KRRe 03-18) of

thedferiodic Patds cPor examply, “Colunsn U8 EleARAI(DY réfR t3RABBERMre elements
clains. 15 DETAI LED DESCRI PTI ON Certai n enbodi nents of

froppeolumycht pighe Pariediadable asdiprione or morscompamds phpne or more
& hel r j as follows. "ASTM
el%'pgﬁo#%ilgggﬂ%t%n giddf%ges‘ti ng and Materi al s.
;élprn thearcopeyst ﬂlﬁf@pgcettimnﬁﬁht ight aﬁéé %ama%g%mtpﬁﬂgﬁ& '1?2:}5, weight
ravjty is et er.m ne Y. 0 i .
of dbegmpRI RS AgBEAL %@P&gﬁ gﬁl@@f{la Aablg: Wit ekarlement from the Periodic
r : eed _and r
Table] SEOIBROTA coiifbufd U i e, (18 Bertodit Table 3 nleted as the
weight of nbtal bothe WedghttolfelecnentleFsren@mple) ¢f 0. tgpdmspo o0} is used per
andd or .t he, crude r oduct e a eterm ned by ASTM .
gr al%?%&“@é&? cRifplated ‘ﬁlgﬁ%%%ﬁ%mﬁfwg%ﬁea? 4n ﬂ@cataIyst is 0.067

grafgSpRALieNescatalféter s t 0 asphaltenes that are insoluble
in pentane. C5 asphaltenes content is as determ ned

by ASmiENE refers totioweightt aicamponest ial a sipstrate (for exanple, a crude
of Column X of the Periodic Table
feef 3o Bl oG TP} 3 Pt RSt e fopeBomar 4 ghppercentage
bas€d b e tad iveight oPeHel suBitfate. TEWSHm' R t&partt per million b weight.
corgesponds to a col unm nunber (for exanple,”™ 1-12) o?
t he (E’@EF ditoteb prodpetanintye” esfensse the migsire that Gontacts the catalyst

du,ﬁ%I $dingr €fers to one or nore netals from Col um 6
0 pclqt)he Pgri odi ¢ Tabl e and/ or one or nore conpounds of

one Distillate’trafers & bydrocarbéind winlira Goilink rhhige detiibadérchetween 204

°C (A0 end B R (G R SR 1D MPandoioite Crlics aaieiapined by
ASTREMRthodIh 53 yonpounds of one or nore el enments of
Columm X of 33 the Periodic Table, in which X

c or FsSerentgmst’ gefarsdo loupgeny nittngen,(dndforextumpt ontaindl ih 8he mblecular

iodic Tablg.. F le. "Cpl
s EEF b b AR, et G s oo ps T Methods
E38Gdbtioxygkh, DE76for Bsthl fiffogen] ald B4204IEGSulNE “AotABasic nitrogen”
conpqunds of one or npre elenments from Col um 15 of

refery o IBkpg B fompraBisthathav aniea eflepscthen 49.nBesic nitrogen (“bn”) is as
detéi‘ﬁﬂlédq@,&ﬁw VebRipsioea metal fromthe Periodic
i ght

Tabl e, "we of a conpound of a netal fromthe

Perithuliragenabliee” vaferg hd hpdrogen, ahe/or 8 cofpound Akl/Hebindingds that
WhTabl e, _or wei ght f a co tEund of an element fromthe

BN TSRS PEA Fride fFed AR Bt CHEIYRHEACt [ PEYidedTydragem o
con%guﬁct(ﬁ) ¥8hs gﬁggr?eeﬁl AR Mro g &P out AR fircludl, Shitds A5 MGt o,

3 1s use
hydrocarbons (for example, C; to C4 hydrocarbons such as methane, ethane, propane,

-

butane), water, or mixtures thereof. A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.

“Flat plate crush strengtil” refers to compressive force needed to crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.

“LHSV?” refers to a volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (b™). Total volume of catalyst is calculated by summation of all

catalyst volumes in the contacting zones, as described herein.
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gram of catal yst, the cal cul ated wei ght of the

nmol ybdenum netal in the catalyst is 0.067 10 grans
per gram of catalyst. "Content” refers to the weight
of a conponent in a substrate (for exanple, a crude

f d
eezvvelqggﬁ{ r act I on gEr’ v(\:/gﬁngﬁ?ﬁ%iei?tg%n Z‘Sﬁeé%%age‘%{’ escz‘c’c:?:wé)unds that
are liquidl atweanghid tempt:ﬂaﬂus Hﬁrjipfeaitﬁe (23N 00101 VP £ herditaiRa Fdferred to

“%ﬁ? mllion by, weig "Crude feed/total product

as R Lr@awﬁpé’ﬁ@%éh%m@lﬁﬁl%wh%ﬁmaf mlaef Blorgeompounds that

areﬁ@%l a)ﬁ%TPJ«ﬁhQH&RP&ogJ A9 that ts@f refers to
rocar bons wt range ut| on bet ween

204 PetioditODabdé™) reforsitdtha P@n@ﬁﬁﬂ‘aﬁle axtsp@clﬁ&ilbﬁ/ﬂ’e International

oS0 Sty 3,

andMAktafithihétalGans af icTacidd® réfel © Gilafimetald d%kﬁlﬂ]% metals,

of a hydrocarbon. roatons content 1s as termn
zing grsp@ic)/civottions or @%ﬁmﬁmnsmlxqrgﬂh A Bit&2 of cretdl oirahetal salts of

Ltrogen, apd D42 al basic nitrogen”
org%é? %?lgs 1% asr#??ﬁﬁ@%%dﬁ%’gﬁfﬁ%ﬁlmlﬁ%e a pKa of |ess

t h&nviztPo-CaasdnCR eNidued YMICR™) BontehtSrefes totehAhtHy BT

ASTM Met hod D2896. gly rog,Zn sgurge r()gq?érs to b residue

rempiping,afier evapepien andpyrpbysisof asubsirate OISR eantent isas deRBmined by
resence of a crude feed and the catal yst
Asvgiggg[teﬁ{bo pl‘03\©l de hydrogen to conpound(s) in the crude

f eé‘NaphtHaV defegeo hydivcathofRpmiposents WlthQLHoﬂi@ ﬂaﬁge distribution
mtegl ~lydrocarbons %ﬂéor exanpl e,
beTRRR et HIOTY Ao 20 OGP0 At BUAMPa. N enbibcontent is as
dete%frﬁ:ﬂq;yAS@ka 4 53gures thereof. A mass bal ance

may be "conducted to assess the net amount of hydrogen

pr ONideFet vefeisdo. aivkply ummk(dm)m; imont; loe cmnbnheucﬁmetﬂere&D
r ef er ressive

" Fl. h, st t
for B sEiehl TEfRTR M 9 o a A kel AR T, Pl ggmbinations
ther&dfl M N/ VF Sfontiat & 43 dRRGmNed &?TA/SW NegoPHsiag. " LHSV

refers, %‘? a volunetric liquid feed rate per t ot al
vol D™ teielaltq/mnnaéﬁublpsnet@ﬁ of gespat chibic hnmttrsof(cmde)fced

Tot: s cal cul at ed
ai 1 Non b2 cofileihd Bleabit STl t @ity R Bl Bihié oygen
comﬂm:cdsl theﬂ:tldmtﬁhlaﬂe a Sdrbokylinf-C 053 ) grotipe’ Ndrﬁée@b@:}fli@ cBntaining
03| tion that .includes one gr nore conpounds that

OfSaaP ¥¥eg8 campouRdsipeiude; bup prsdioh LinHied io¢thsrse s¥dlicethers, alsohols,
aronthtit Gke dYides, k@ﬁ?}:@é gﬁeﬁf&egr &f &)rnrllﬁﬂ ﬁo%s ﬂ?e‘f‘eoisg Fich do %Pt fi‘ave 2

conposition t I'nc es b1 Nati on one o
carbmo:rlxmmdp that are |iqui d at STP vvlth one or nore
n]g]oundsdt ha are, lids at STP, 5 "Periodic Table"
r et B108-0pderabls oS $,TRPORSNLS AD o PEKIURRp of jemponents that

sS4t tp_onal Un| on of Pure and Applied Chem stry
(IyPAC) Novenber 2003. "Metals in netal salts of
or gBr(PQPWth@I@)‘ vajuef’ or “Po/aluek atferstotaaivmeral Iviehiej whichaepirbsents the

flocdBdiS tendency of asphaltenes in the crude feed. Determination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,
Journal of Institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-53.

“Pore diameter”, “median pore diameter”, and “pore volume” refer to pore
diameter, median pore diameter, and pore volume, as determined by ASTM Method

D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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zinc, arsenic, chrom um or conbinations thereof. A

content of netals in netal salts of organic acids is
as determ ned by ASTM Met hod D1318. 10 "M cro- Carbon
Resi due” ("MCR') content refers to a quantity of

) . . q
R (Y riod P a8 Bl R0 T bl b Bt o dtepine
theby valgIM Met hod D4530. " Napht ha" refers to hydrocarbon

conp ]g vvlthabmllngrange di stribution between
%Fi 8¢ Ptets tp eamapanepBgbatihave a boiling rangecdistribptierhabove 538 °C

T™ Met hod D5307.
(1009@&‘@/ s d e?erﬁﬁlea%)ﬂ%?mgﬁdqy 5307] tho

refersto vanadi um iron; or
conbBREB’ sefers toestandard ulic febtaf oo peebriel bféRMS fded, t he

C her St el A SR erinebXib ST AM A6 T
I\/bt mma%ﬁ@s to, ANGB{81d duplifer S ggﬁ%fg&%sc( W5 5§KOH per

gEer cubic neter of cru
gramx(é‘@;’b D). i I‘Abblﬁtaadniengmd YrASTMMethod DBgpounds”

f ds th t. h
car oS PP bR SRR R BetiRe Swae dstEButc between 543 °C
(650 Psaan@ 58% 9Q€T0000TF) @041 M, uvl@o Men@iseas%iednhﬂ@dtlﬁrdASTM

thers cyclic ethers, alcohols, aromatic
Me%ho Q7. ketones al dehydes or corrbl nati ons thereof,

V\/nl ﬁbésgﬁ d@ﬁ) %ﬁ\e/ts %ﬁ%&gé%lsfpg ’iﬁ%gﬂ éﬁ(ﬁ) B a//lﬁﬁosxty is as

deteriminied esng;ﬂSdemm P4tdhat are gases at STP.
(p |zat|on P-val ue" referstoanumsral

Tt S @Rt o Bisppticasion g 1s bssutacd aidhdamlpegbained for
a Pﬁﬁm? |of EREBbAttE ﬂﬁteﬁ éé’ gﬁ‘mjlg %g lix ?Eﬁ@ @ﬁtﬂ%&ﬂo@ thd {4 method

P-value is describ haus i

may hmamnfi@demdka-rrac@bgaied toa:astcfer mfchmeaﬂyt ene
i on 30, Jo te of Petrol eum

Vor CHEBS a7 S8 =Rl feordibern by O s S fogmations

anddinmraamlzed 'ORdeahaP GhGudd GBS 611" Crald are%ﬁ@raﬁ?ls&}fé@ semi-solid,

efer to pore _dianeter, nedian pore dia
Bﬂd'ké liguidy | Stabilizationaey meludebusyis nammm m:emwaﬁmon-condensable

Gt nt agt I e e al 40
gasdg TR, S8 Bl dinS bpoPecd HORE e R siebiliegd phide.
Such s@bilizition mayifteGootw A, Orlﬂr&lﬁqaie t@ame?fodiﬁﬁﬂn hid/or retorting site.
det Iquse val ues. "Resid ers
oA aamqt.bﬁ@a disiied nclon frastionally distilled in a

o L R e—

(fOrpéﬁmes n@hthﬁf dmmlldes,f‘ééﬁ) and/SuhlbﬁcﬂmgfcﬁB) Dfs’uﬁanon includes, but
"TAN'

S as, det ned TM IMet hod D3663
s nf Bl o, AEpcRBpere Sileion o apilos saermsm ciah o mpibods
Und(stild@dan@/or ke¥adiBhated stabzhzcd crudes may include components that have a

carbon number above 4 in quantities of at least 0.5 grams of components per gram of

-

crude. Examples of stabilized crudes include whole crudes, topped crudes, desalted
crudes, desalted topped crudes, or combinations thereof, “Topped” refers to a crude that
has been treated such that at least some of the components that have a boiling point below
35°Cat 0.101 MPa (95 °F at 1 atm) have been removed, Typically, topped crudes will
have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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gram ("g") of sanple. TAN is as determ ned by ASTM

Met hod D664. "VGAO' refers to hydrocarbons with a

boi I'i ng range distribution between 343 C 10 (650 F)
and 538 C (1000 F) at 0.101 MPa. VGO content is as

o SPTRAE e A el Prkperies ik aflow s Sabilibed Gytes o e
tranéiﬁrted € EoriVeAfional Sichtn APTAilMRsdrdadhdriation chfifers ffﬂf &alnple,

of this application, it is to be understood tha

pipelines, Pk ObBRIEPN éathﬂrocrrudeﬁshaae pn@ pemoye misu:ta@eqammamt
mnd%xe&%&ddl%%d Hfa%g&j elgi)sadJ/ r?é t.est neth

—
-.

e rafapbafe o'q Fansportation
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disadveatnegd gpide; Zldw ecopqraicyatngym taresasvoir thet inghides the

disaBfaSpHRIEHHe tHaiE tbdhed Bl o ﬁ@% .rgd%%?ﬂ%%%%lﬁ%,m
remn@fomwﬁmmmatﬁ%@ @alslgs l;m&?siliot linsitddso: £)'TAN of
m e cruae 0

t her eof. f
at e ok B Joatt o3 Gisoosioes 2 deadh 10 658 PLAPLERvEY Atmogdlud) a total
Ni/Vife cOtet dPat 5190 H&002! Pﬁpgﬂgﬁt @fboai'gi-%g% 6 een}Fe%r gram of

site. Stabi zed crudes typic hav
crude}j ey tai tbtad betamwtmns Eomerttiof ntlebst 0c00§t grh:hm of hetematunmiengm of

f | t t | t1i.pl nt th f
crudf 3§ ity SogBe of R et o iFassms O Fesulin r Stam o ) & Cs
asphéltdiiek lcbitefof A @ast @04/gfimd %&ﬁhﬂ%@??&%ﬂm of crude h) a MCR

Distillation includes, but is not Timt
content & @bkmtu 05008 gramisloAMGR perghiouief ande;d) a veaumxmf metals in metal

e Ao B0 b B i

combinaghersehéreof. Natsofiv\entivdifiéitd AisadviiaatedROdemAy intlude, per gram

ntltlcias of at | east 0.5 rarrs of con(gonentsi%c,)r
of digadyanigeed eudaeat 1ea3t0r3 Icanbe feogieipe.at Jeast O3 @erses phvesiduRs at least

0.5 g\Mh% Bf fekidl€ Sor 4t %QF@SJgféﬂijseéf re%%ﬁ@l ﬁieéétmecérﬂ&ﬁm nts, the

desal t ed topped crude§, or conbinations thereo
disadvaniageditrude insayshave adl AN imle radgetfrdf OHasr b2 en20, |0&hd>z€(ﬂ5 to 10, or

D T
crudd) a6y R_eR s&mu&ﬂemﬁfm Rast 0/004 ﬁ@ﬂﬁdat%zﬁ{jé@l Wrdrhs, ob &'Bast

a content of at nost 0.1 grans, at nost 0.05-grans, or
Ozatan?ﬁast 0. 02 grams of such conponents per gram of the

d
or BB bt PR ERRBL] LhRFs B 0 pgegioe butnot
limitéd napTANGf ﬁtdeasoﬂ\ﬁih} aroeatgeh b@ﬂﬁeﬁﬂﬂat ficagt 6.005 g@:ﬂ@)bf oxygen
traniport tion carriers (for ex &pell
per gramy Ok gtudg feads cha s amhagﬁne@ma@gt %&ea@h 0 + @ Cs asphaltenes
per ghine BE ERRk Geddt: avs iﬁ IheSthAa %sué'de‘ﬁgc%rsn# Q@F&y&’a}@ﬁg‘@i‘é 8650t a

D sadvant aged cru es may De unacce
crude fead sptir ABT giomitP of airlease r1 0pe)cl comtemt bf ertaleintmétalcdalts bForganic

TR e P X E——
t Bisadven@Rt CRides W lind106d g)@ﬁ ah6F diidRanMasd @984 at least 0.001

crude that is deenmed too ¢ to produce transo
gramg, it Aeast §.082grams, or at least 0.01 grams of hydrocarbons with a boﬂmg range
distribution between 95 °C and 200 °C at 0.101 MPa; at least 0.01 grams, at least 0.005
grams, or at least 0.001 grams of hydrocarbons with a boiling range distribution between
200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least

0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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Properties of disadvantaged crudes may include, but
are not limted to: a) TAN of at least 0.1, at |east
0.3; b) viscosity of at least 10 cSt; c) APl gravity
at nost 19 d) a total 10 Ni/V/IFe content of at | east

o 5058 4 B30 5 e BER 9 A

hydksasbndwik B beENE ke Attt AR GEBVRRT 400 Tk 650075, 101 MPa.
f) a resi due content of at least 0.0l granms of residu

peDigadyantaged: gxydes mgy inchede, persgram oflisasdvaniagesnruds: aakeast 0.001

adga?fek@g%s%?ﬂ & 2t s B g%&gywagg %&ngg range

distdbution@f atmoste100 9C at €.001 RTa; af le@ioedﬂil drAmBEit #asiP 005 grams, or

salts of or ﬁnl C a ds of at | east 0.00001 grans of
at leggtiOf) 1 grams oﬁ pwe-th adroiling ravgadistrahutiondetweand P °C and

lo 0 van r I
20010 010} 30 e oo S0 A1 4065 il e A dframs o
hydrkarbens witlea btmlnhgmge msﬁltgmamnﬁeeh&)nd’ﬂmndaom Cost1).101 MPs;

at e, ) EPine) ot 167t 01005 P o at ent O Lcarna oF hiisacaborovith a
bougirgx%ﬁgg\éﬁsu%&f& b&w%eﬁ 300°C hh@ 0o Qé a% 1%1 M’Q, abf at fast 0.001

to 10, or 20 0.4 or 0.5 In certal n

gransybleasi@ 908 grams.ohad ieast@al gralmedﬁhyﬂeocag:mmmﬂl a boiling range

aistth B OB 800 s R e PRI . o1 et | east
0. QBm@rdeadtﬂgﬁ?dfﬁd@‘fﬁQﬁhﬂﬁﬂ%per%&ﬁdﬁ@%&%ﬂag@ﬂ‘éﬂﬂ% at least

have propertles |nclud|ng but not” limted to: AN
0. 00&1’8@@8 P-'b‘ﬁ 00065 graynsapr a5Xeagtn 02 grananef lawdrma:mgmﬂlaboﬂmg

rengl iR B oL o YOET oEP1OF M Al (S i)
compmhtsl t’[@pfeallyethegiimwﬁtagaduﬂﬁdé ke perPrag ofididagvaritdp@d crude, a- -

esue%{w SCOS Igm or ex > 10 ¢St for a crude
content of s b? @n%sﬁt sraéa%watenwé)o L@t ent of

nme
Rk ka3, S50 fr O g i,

10.00¢ gremisn att leash 8 . @0fegrams, orDit deast /At gk axﬁm«ﬂwarms with a boiling

fo aged crude: at |east
rangf)a%%%%%%gg? %fsat@gg Fdaiéraﬂ)éal%é grams, or at |east
0. 8dme dRady st advddir@daa RO inclide Qae@ g@h'of Bﬁadx%ﬂ ed crude at least
di stribution between 95 C and 200 C at 101

0.00} grasns. of least B¢ (Pcgrams, orath taasieh). @bgrangwfriwdr@arm rveﬁ@t boiling

204, @gar bons with a boiling range
ranggdstrPEB‘?%%tO{?a%v\egn&azoo C and 300 C at 0.101 MPa: at

I eEsﬁmﬁleQﬁ]ﬂgaﬁrmatagaﬂ cheles thaﬂnﬁ@ﬂ %rw 1@fng&he pRR&dses
r.ams rocarhons with a boiling rang
deSC'aPeéffiﬂ?% WB-H;% ot Bpnited awnm from sﬁf%at ol(lp‘mg rggieps of the
worl&rlgI satulreRakt anp%h%lﬂ';rrﬁ @%hfo%x éﬁﬁ'&d&gfag gg’l(% 111391rSaﬁfos and

| east 0.01 grans rocar ons w't
Camnwsbasmb,LEgyptlahdﬁudéeﬁSﬂ@QCﬁa«hdﬁnﬁG(ﬁgd@m@ioﬁh]SéaPﬁngola

OrrrE AR BBie: Bt enzbion 284 otg i e esi S

0. PQBtnEnPSEd S8 SRR ns
i PlonBneREd] sl dlage SAidcOuk) RIS (O] pRYHRSBINETS -

disa@mm@mdw&uchﬁhat leserudesqog agpeptable for thaespottatioadl/or
treatx% or at least 0.01 grans of hydrocarbons with a
olli ng range di stribution between 100 C and

A crude and/or disadvantaged crude that is to be treated herein is referred to as
“crude feed”. The crude feed may be topped, as described herein. The crude product
resulting from treatment of the crude feed, as described herein, is generally suitable for
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200 C at 0.101 MPa; at |east 0.001 grans, at | east
0. 005 grans, or at |least 0.01 granms of hydrocarbons
with a boiling range distribution between 200 C and
300 C at 0.101 MPa; at least 0.001 grans, at |east

trangptiing 4/ O BERmAGL BiTpertss oF Moo produebAmoAncss 6 drssribed
heréifl Qrdc18derQo Wc&%@ﬁ%@g% ﬁlﬁagh%% bf WddPFexdd rligl?ﬁnecﬁﬁte crude than

| east 0.005 grans, ast 0.01 grans
the yude deeds oo ploseri to theacdyuisponding progertied iof Breri etudenthan the crude

e SRR e ;P 258 R ey crdeprocuctmy b
refiflb SRAN R¥s A6 peé-Hefmedt, th&esy entdnlE 18 eﬁ‘ﬁﬁedgﬁ@?l’re»

0.005 grans, or at least 0.01 grans of hydrocarbons
treafgnent reaybivicluda gendfrization, dieaetallization and/for atmosphericidistiliation to
remal Q. 101t{e|\/Pa, in addition to higher boiling

88?1{)‘5?1‘% & Typi cal ly, the disadvantaged crudehas, per

gr alfestin et 508 ¢AIMe PO inGdcHstidance with iivehtiond deSétiHed berein may

hydr ocar pbons of at npbst.0.2 grans or at nost 0.1

inclyde erntactinghe rawula feas wite theqairhus(shin/a rorsaciing zope andfpram
conthoiF6 R OBl S5 o BoflBin 5 st ne propeny
of aleyutiedfeed heaybewhiahigeal Woidnitary of 8@ cradegfeed indthrond bk nfofe Edtalysts

t least 200 C at Q.101 !YP? Sone di sa%v nt aged crudes
relaﬁﬁg,tq & FERE Pr%@rtygaf erude fesdg FRIE &P 93@5‘@95 » §eNiRctHg s
perfSréilindhe %ﬁfﬁcaémm%éﬁh%g&%gﬁ sordk eﬁfbo!iﬁ(;l?eﬂs, the%ydrogen

grans of I'ng rang
sourge 43 oriecrt inore hyfdrexarbonadhat @fider@ertBinasonkaeting tonditions react to

hsagdvant aged, crudes at mght be tr ed.usin h
profiie RO SELY 9580 Bl ol B SsnErR N SrOheRHBd) gt e Spidhpen

| i IRIGed i @ scheimiiR ofichat@ig yiknt 000 Mt PRIJIRY LSRG zone 102A

the world: US. @lf Coast "and southern California,

crudefaedienterscontanting zenea2 viagoshut Hid. oh gontaztingozond muyrhe, a

o oY g e Oy e

Exahiplesyof b asontereting noenieslude autmkédbedteadtorlRrtixedfbed reactor, an

I saqvant aged crudes may enhance the properties of the
cbulf g e i SO SIR Sure] Ablktea el COTEh afidized bed

crl_Jde and/ or di sadv crude that is e treated
contaeting systiem isafneorooupled taan offshord dadibiyd 'Contdve of the dendedest! with

to d,.as described herein. The crude produyct
the R 18 eioBrse 8B IO B¢y Pa Cemianots pitgessiy'a Satch process
deShe cbRthclifg Sore mhyp irdARR Rk lo¥ nfuré batllystsi(fr exafple, two
transporting and/or treatnment. Properties of the crude

catalyistsi gy SopRoeibedimentsdeadadt o the aredefend avith acfinstentalyss of the two

i It € £ _\West. Texa
cataly 3 Y JCRRBOTAN E B BREEGE botiithtei®T ot b gudyoed TAN
crude feedowith @rpeochd atalysyisctdass HelerSitomt cohitditandtiii@Based A PI
cr uije feed, thereby enhancing_the econom ¢ val ue of
gravitge Inpihgs embadiments: T AN, ticopits NIEY/ Fawpnisat, betermioreycontent,

residifelcBnfeRS A B %rgf]gfﬁ’ of chhbi {'el??ﬁht of thie HeerBN I Dlde product

refining eff Cl €s.
change by at least 10% relative to the same properties of the crude feed after contact of the

reacB®iCE BirdP réactd! ardd @ﬁ@ﬁgg}&g&éi éualt%%if. 9% cettdifi {@gmgafmﬁ the

crude feed with one or more catalysts.
In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%s, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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treatnment may include desul furization, denetallization
and/ or atnospheric distillation to renove inpurities.
Treatment of a crude feed in accordance with

i nventions described herein may |nclude contacting

SR R W L S—

cmczaqe&!smm@caammg@sﬁeng zone, at |east one property of
a crude feed may be changed by contact of the crude

fe é&pnmﬂng @mdlmns orthe eentasting zone msydnehde,thyt atedios limited to,

rude fe nhodi ment
temBRREE piosflre VARG Ptk o FaR OB BRRC St FbiRutinms dusreot
Confting eendlﬁm%(iﬁ@orﬁ@'@%oﬂﬁﬂélﬁs afelRntsIE L@ ProdisRW &hadé Sroduct
wi one or nore hydrocarbons, that under certain contactin

gificirseperiiess dempsratarejndhe epntactingzope mpy $argel from 50-500 ° C,
60- Y6430 LIFAI0 4 BATIAYIEY ki B Syl Fom 0120
MPa, 11282, 4-0100MP4, bﬂ6 & M. TUHBV ofthie.ctadé feed weilllgenerally range
from -G 05288 28 173 57 PDR st 2210 B Ebsomargmboments, LHSV
is atﬂ@cfsE 5 ‘Iﬁe:atg fi11 ﬁ‘a%ﬁ:%ast 95 haoﬁhétrf%%t@@ fithereof.

a contacting zohe 1nclude a stacked bed
r eénemfos)dxmehwm ovhind thedgdtragen seurc2@s sippliedbs agadidor example,

e
from 0.9109,000Q%n e U8-aL 600 Nhﬁ/xﬁ’e 12000 ]EPRSH M(ﬁ) NiP83, 5-3,000

3co_rgtactlng mis on or couledto an of fshore

yst
ti0r 10+80 T O o O e, imsome

mb%%%?%ﬂ%% b SA0 R Gadi) B seulie Bfoulh the coniapting

zonez m—.neﬁgaslm@ bl for em@nle, meﬁahaimtaﬁd(cfr atgoRX akelcasrier gas
In_so mbodi nents, contact of the

t
maycf?ﬂla@tq flew %&ﬁ\ewef feed nd/ar ﬂpgvsqf thy hydregangoureen she eantacting
| FECUETO 190 ey BUASEAAERL 0170 some
emboéitmln;s 1 hﬂé@g@mé}ﬁbeemmqﬁlydmgeﬂnmeﬂmde oneth&se) emy be used
API. t th d { TAN, ty,
o5 2 ey B A R e B e BB RO T ool due

COThe AydrofEll sk @\haY enfef c&mdg%he 182 @b-cuit8stly with the crude
properties of the crude product” 30 change by dt |east

feed 1y gonduitakOidas separat¢ly Wa gendiib i tIngontsttingyeonsr l2ecdniant of the

e B PR Ao S roB il 0855 Bhgf B, and i
Some athbbddﬁientsngdshen sopnk @aibod &) & dafridrigad iy coidined Wilhthe crude
10- 60 v%% from 20-50 vol % or from 30-40 vol % of a

feed ppd/gr thediydragen sousee, i conduit {08 Thedotabpioduetimay sdheontacting
zoném%amggF%%@n zﬁng lggrvya daatbyst and crude feed

may 39 I nc rom grans, 0.005-5 grans, or
0. Dilscpagtianzoref 108 atled grade pmﬂudﬂ(ﬁdgaa nEydfe separdidd ffodethe total

in the co ng zone.  Contacting.conditjons jn
prodi) i SoGr0 KB S PR ARABC eeSaoE SHOmDley Rk fpparation.
The E:%HP Efcﬂhb'tr 1Ray BEESPHERion DAL ‘?ﬁ zﬁ‘%ﬂ&ﬁl@ 112 W the S8 ransported

d flow, or conbi nati1 ons thereo

to transportatlon carriers, pipelines, storage vessels, refineries, other processing zones, or a
combination thereof. The gas may include gas formed during processing (for example,
hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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5 Contacting conditions in sonme enbodi nents are
controlled to produce a crude product with specific
properties. Tenperature in the contacting zone may
range from50-500 C, 60-440 C, 70-430 C, or 80-420
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e B g Tram conta RAEHAI A0 mpgntagaag zon 1t FIGS.
3A SR RPRES streAnTAbWS Hord BSnthGir %:ﬂelrigﬁ é%vaﬁ di? &ghyfggs

25 féed and/or the hydr ogen so rce

t oC@ntagtiegizanes h@@ bbéll, ﬁ 1€ mwmlud@onammofb&mﬂymis el shown in
condu 110. tion

n_zone .
FIaS 8 I et Wyl S b dingapnante vacond L EF Sufepias sontacting
zond mmAmomt@MGpm,dm FeddSIRAmAKNS Cahtadtitg VUM 114 via conduit 118
separation techni gues, for exanple, gas-l1quid
and enigrs coptacfing zogpd 16 ude product may exit separation
zo j n orte
£ A8t RO bl S0Pyl 5D o

114 amﬁ&edoatacnmg zonerli Jésto foinh eie totad pREWICN JTHEBES produchexits
.The gas nay i ncl ude gas forned
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ey W ge® ¥ stioBRER it o AT o SO an SoneCTPeReasB A
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sepafaHoR geneok20rwia eonslwitt 2% iIngepeoatiom zo'ﬂeel 2ﬂpatdd:aspa pdriioh ofshe

dlsacﬂrﬁntage%f)c%&let %%eﬁa?atfe rursnmtgqgch%gtfu%gkg&?g li'x?&eaanrtd(f raesza;are}l?nle sparging,

membrane separation, pressure reduction) to produce the crude feed. For example, water

may be at least partially separated from the disadvantaged crude. In another example,
components that have a boiling range distribution below 95 °C or below 100 °C may be at
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FIGS. 2-3 are schematics of enbodi nents of contacting
system 100 that includes 5 two or three contacting
zones. In FIGS. 2A and 2B, contacting system 100

i ncludes contacting zones 102 and 114. FIGS. 3A and
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somé ABoditenls }RARDR B 12w b ackiPned vBieaiior dogmstrcam of &
desattimgtumitt i ARErpestRsiAg, thEeride prédid i i
rmﬁi;gti ncl ude onesorérmre ca?g? ys'{i@fb%?ngaﬁgnm%%em%g@wacondmt
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Cougte 1T NS G 3 5 e

. or diffiegent fmoiuthe crhill8 fesh (Forrexamples thatongds Redda ReayHeboonthifed with a

d st be, contacted with additi onal

f
crudg Bving a diifarent ylsconituthershy rewiine iblapdpdarodent hawing agiscosity
that EaBvekhGhd ﬁscfd?.ft?“_otf (1) Erﬁaé‘firoﬁﬁ&dagxﬁtthe %ﬁ@?sﬁtgto?ltheo&ﬁgé{ fn another
14 an nt a €

exits 25 contacting zone or co t1ng zon
example thherudeproductsnpnbablendedrwith cii@i® havingeoNAN that it #ffferent,

[ n [ r r from

thereBy el BhGMT e B R/ B B fidn B APOT oEharcimdecproduct
and the amdd 08hy bknésproductiidy b&hiffablb fof trinsyoR8as hfi/of tr&fment.

enbodi ment of a separation zone upstream of

c ggrf g&w H(is b cin ceplgin empodimentscindefped entersienntasiting eystem

: -0l 4 U rs 0 aration.zone, 120 vi

100 H@peeieiing RS 8 B0kt r e B8 By fid EPpbeing Sysfom 100
via comiuit 128 anfl i¢ inrodieaiinanbleglity eontdES0, SRR AsheUSONS least a

.t echni ques known_in the art (for exanple, sparging,
P"m%ﬂ‘ﬂtﬁﬁg@%ﬁ BErGt issembipedswith ane exmery pragess streamsi(ferexample, a
hydrddagbosl f

g Sjifitn $B3Les MRARURACRRA A SpordiRh B 3nlbr RS bryae
feedspreprnde; a sxudeftast, or onirfwossathersof, baprodavea blehdéd produéta e

i tion-hel ow.95 C or b 00 .C be at_ 41
proceit Skl (b FErAY. GBS e abam s e djecioRteic

blendi 2910 d90 er ipereahtGBsutR %Ii?ndin% g%gg%n%o%s hgBn hsrg.})glﬁg system

| east a portion of naphtha a “nore v
may bq-,lgppt%ymrma@lgndmg zone 130. The blended product may meet product

specifications designated by refineries and/or transportation carriers. Product
specifications include, but are not limited to, 2 range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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separated fromthe di sadvantaged crude. In sone
enbodi nents, at |east a portion of the separated
conmponents exit separation zone 120 via conduit 124. 5

The crude feed obtained from separation zone 120, in
m xture of conponents

o) odi,ment i ncl,ude a
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s S0, 60 A4 SRR RLIR SR/ €l St bt et 1
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conB R AR IENe 1219 TS ok 4 Eome 50 rems Bt Kd@” grams,

o A GRASRED 188l g O BB 2 10
grams of Ni/V/Fe. In some embodiments, the total Ni/V/Fe content of the crude product is
70-130%, 80-120%, or 90-110% of the Ni/V/Fe content of the crude feed.

In some embodiments, the crude product has a total content of metals in metal salts
of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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and the disadvantaged crude is separated as previously

described to formthe crude feed. The crude feed then
- enters contacting system 100 t hrough conduit 126. At

| east sone conponents fromthe di sadvant aged crude
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the cﬁﬁ@‘féjéd!m”t s, 43

In some embodiments, the sulfur content of the crude product may be at most 90%,

at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In
certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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the crude product has a total content of netals in
nmetal salts of organic acids in a range of 1-80%
10-70% 20-60% or 30-50% of the total content of
matalsin nmetal salts of organic acids in the crude

an t ner tal salt
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70% OB S s36 H, Sel Bd °LESRLBfpimens,
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at mﬂg %0, G @8%511 Ot/SP af most 3 éhe@pn@gt bthe canhasydis agid compounds in
the cPtie 824, Ofn dehtBin\entfodfthdnts, Fhe &Hﬁ@ﬂa& oaé E&Etgﬁtr@' carboxylic

embodi nents, -t he viscosity o e crude pr I's a
acid gpmpowBlyé at lehgs 195 atxlee.siaﬁi’/st, yt bﬁst B080,00r1ad deabie®Ys wif tHeatotal
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het erpatons content of at npbst ™ 90% at nost

crudgfied. imspmeembedimssts, Gobaiylic Aeids andyor mstal seliy Qﬁmrboxyhc acids
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east 990/%,01‘ the total heteroatons content of the
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specﬁ(!i’s%oﬁﬁ (&)&%;‘thgs Qg# %%%@%ggﬁgﬂh ?&1 9]8]4%8 &ﬁ%ﬁt{@ﬁ?ﬁ%‘? %ﬁ% gas

chromaﬂogzapby)oduct In certain enbodl ments, the crude

pr duct has ,a sul fur corLtent of at Ieast 1% at | east
3098 de product, in certain embodiments, has an oxygen content of at most 90%,

at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%. at most 50%, or at most 40% of
the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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44 | east 80% or at |east 99% of the sul fur content of
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Coﬂt/ém'()f he crude product is in a range from 1-80%
atomie, H/G ggio fzfdil%wﬂe fred3 6 guds prdustatoieaHiC pdint withind0-30% of
th : : : | t he tot.al .
o 8 XSRS o) SR r A5 tpvarogen o

. the ppocssiuisirelptivelp emall, amditr 090 YydiBQerais prodicedQfxitat Nost

10% at .nost. 5% aof .the content of the carboxylic acid
¢ oﬁﬁ%ﬂﬂé& product ipeludes compogents Wlfil arapga phbeiling apintstla some

embddiments 8 cRIFR Pr6duchi Bra 0 n '
aci g conpounds ofu at Ellug%sté?E 1% a{ﬁttﬁggs E?S@g&g:%:lééagts%om
gramgoop frosp 04101 te Q< grawsobhydroaarbansalith adoflingtrange distribution of at

mostR0OEK 01101 ML, of RABH A arams 8 B 55 rerms wEfydbecerbons
with a bdilingdange difteibuitin bistwels 1080¢ add 267 E 2L6T PO I MED biSleast 0.001

car gé))gl ic acids and/or netal salts of carboxylic
grams, qr qrom (,00140-5 gremyiof hydrpcarbenscwith sdiodling range distribatiph ibetween

GO oD nds. li ¢ _acids
200 LTINSt L VB W YASED. SOBHE Bt fo] B0Y ocsmtnb
hydrgcarbans _mtlia bailingimage disyibbtonbétiveer 300 aCead400CEAN 0.101 MPa;

daﬁ al 368(2@ of the rugg) roduct usi ng (greneral |y _known
an B’Siitr cHPIE Rt OEF%Q-SWPE,Y Aeahprsowith abpiing range
distrib®tsoh BePR&d BT dhd BRACOL 0% 1%951_0“ omat ogr aphy) . The
crude product, in certain enbodi nents, has an oxygen

cdnseme embodimantssthe 0xie progiuctrinstudss) Yeer gtamoftrud®prodact, at
de feed

least 600 Bng ol snet Pt F BaiBe ke Sowgution odet mesiderc a
0.101 NP ad/om9asb001 Branitlof Bydloc AEUhS With a boiling range distribution
between 100 °C and 200 °C at 0.101 MPa.

In some embodiments, the crude product may have at least 0.001 grams, or at least
0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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the TAN of the crude feed. In certain enbodinents, the
crude product has an oxygen 45 content of at |east

11% at least 30% at |east 80% or at |east 99% of

t he oxygen content of the crude feed, and the crude

pr ogu . TAN at .l east 1% aj. lLeast 30%

P oS Sl ool s, the Shac 553t i o sy omtentiof 2t 309%, s0-
120%.a5.90Ad 004 ofthe Wisiillate kentehttfehdEride Foed Phe B¥fllaAe content of the
cm@‘gntent of carboxylic acids and/or 5 netal salts of

PI9gustimay bee perrain of cruds prodigiyin girangssiromdhgOsH -Gy grams,
o.oég%(%o%glmgt m?_(flé)o f the crude feed, and a content
of n -cafroéoky i G

N ontai ni ng organi c oxygen conpounds
Wi t Ini cert#if-ehd0dimdéds, HR0Gudoprodict W@ WWEO ddgitent of 70-130%, 80-

120phx SBrdBetafe Y0 Somtent o s ted. Dnores cabopismits e crude
ol S LT LB YU RM B gpopr-o3
grape,r.¢i1a6rd grants, 006244 grants, offhe01-Ocligramar oduct may

o SREOG chibgslinby theruds pave b 2 gisida papisnt gF Anl39%, 80-

12094, 669011 0%UF the RAsiiA béhtd ' 0 i
carbon (H Q of 1(étslﬁgé g%tgﬁet %%Jg?wﬁ%@i %‘Q@Vﬁ, 3%8&@109 may have,

per wnlﬁb%ldmod?w@ 1egidu@ gmgmom aﬁ'amgaeﬁ'omtq:ﬁﬂoid?vl H).Egramts, 0.0001-
0. Gopl R 08 arfi 0 0EhS Brotl. 00050 a8 orp 2176 agoms
| ndhcattan einbodinitptspliR ARY Rbde REY FBICR BolenlYETRISEY, 80-
n ¢ Pl0Gess |3 relatively small, and/or that
120?43, aF é@gh 9T HieoMBecpriant of the crude fend, whilaibe srustgproduct has a Cs
%Pﬂa%ﬁéé%ﬁgoegg% % @(%‘%f dhad 56%? §r 1{19‘# :flgf’/!ﬂ%ré@gl télgphalhgnes

sonme e he "Crude” pt oduc

- conigntfithoérudfeedr Imleerpimelubsdimadts) 8@ d3pRilfenedéci@nt o8 the crude

© fee f.rom 0. 98% tﬁ 0. g Fr ame of h%grocar bons with a boilin
dr‘%ﬁgsa%i % PGSt 870 pr alileast7Giof tho's asphaltenesgonipptof the crude

 feedaihilexe MOR Ofkkefit o i cride hio@ieds W1 G389 AFMEMCR content of

hydrocarbons w th a boil1ng range
the gaderisedy Iroome canhddioents detregsin® the\Caasphsltdres sontOnt@iFthe crude

or.fromQ..001-0. of hydrocarbons with a
feeddi iR ma Bl Mol BB etie MG Eaplont ok Sreesaan dheebiliat the
crude fdddkotdPprodadt ohixaigé, 0. 001 granms, or from 0.001-0.5

grans of hydrocarbons with a boiling rang

e
di &% 39ms smbidimentsethe C3asphaltenss copntand MER oantéRanayle
Bipdd t o T 0.001.to Q. 5 grans
comBiel 8 profiel aetha ol Wiaiclinib b8 Be piah Viichofih fomponents
in thp em«ﬁ @rodtiOre Btiaa th ﬁig&i@ ﬁgco@it}l 03 ; nté 1 the GRide feec% For
enbodi nents the.c e product includes, per gramo
e"”&ﬁﬁ%cf'es“m %‘Icﬁmge %?F‘E e? é%@@lot@!ee Genigrhand aeruly dhedddEBosantent may
be reprdsbted BPE! iANdimh 8PPEnHE Biddibut) Q
. 101 I\/‘g:\ and/ or at eﬁugag&dg%&gpg{%ﬁgf %%tr%@aﬁ %g?ésproduct
MCRyreniert niayi e representagkbyds's (The buthis atey Rcongianek(s' #9) 1C assess the
net r §00n G at. 0, 1t01 MPa. | n, stgrrena‘é‘og%’ r@nts, t he crude
51 GHOLT VREQREY gpmpanents 1 the griedped. ) of the grudaproduct may
be inGh 1QAgOfr&AE -9 NERGI% %MS% RO ML enf¥ofiiGlts, o' Btio of
ot her embodi nents, the crude
MCR content of the crude product to Cs asphaltenes content is in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9,
In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some

embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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product may have a naphtha content of at nost 0.6
granms, or at nost 0.8 grans of naphtha per gram of

~ crude product. 46 In sone enbodi nents, the crude
product has a distillate content of 70-130% 80- 120%

60% x4 0-5HPg o e ER seaiki i B ErvdP Bl THE e BP0 desyfaome
emRAmBAE, fBra 0100010 UsianR! ©005-0.,08igbards, bA09E-8.08 Brams of MCR per
0. 00001-0.5 grans, 0.001-0.3 granms, or 0.002-0.2

gragrofgsmdeproducker t ai n enbodi ments, the crude product has

a . 70-130% _80- .120% qr 90-110% of .t he
AR B e ctde e iodes Homb it iy Q i, bus
lesstthén 6.0U @eams) 0DA0CG1-0.861 s, 6F @D0002£0.000108raRisAsH64al cAtalyst per

VGE) content in _a range from 0. 00001-0.8 grans,

mdg psodychnEhe @talpst npypsgistinstabilizing the cruleproduntduring

grag o @

tan xR o RAEBE Ty iy By R 0k Sl BRom, ancror
incresssivetter separhitio atilitidsuf the crdde prodoct. M@halsUdciibéhtiéin may be
confgied i 34 o 3 shtge SRRSO BT e ude Fotvet dring
treafiia®, 0. 0005-0.4 grams, 0.001-0.3 grans, 0.005-0.2

granms, or 0.01-0.1 grans. In certain enbodi nents, the
cr Uldhe cpudedhrodudt prodacéd Fomaotmetingdystéh 100094s [@OpertieO8ifferent

thar{HraBTHERS! hF HIE oo SUEh BisPoRiss maiaeI e DGt ok g fo: )
redubd TAN; b ¢oduced visBssity SO fediied ?&tal'W/F%Q:g{ﬁ%t;td)%ﬁ&ed content

asphal tenes content of ‘the crude feed. In certain
Ao B YEEnt Ritrogene or @Bnbinptienstteanens; Qonduned residedheontenint® reduced

of
Co S B SN 5 e o 50R%

‘contentsofiviiiRals dminetil sais dfloegadid abedsp60p) d6tabinstivths thefeoEOIB&the

of, the MCR. content qof the crude feed. In sone

- embgitRimis, Rt or mgeoreRatienfthe crude prndhel ralstive todhe evide fred, may
b shB B0 ERC o I8 00| ol Y oy

substantidHy thengtt Gonéxaprpde) iiahayrbedesirable o oslysel eetivelgirediee SAN in a
t he .asphal t en content ., and MCR content may be

erudy S PR A3 A Rat0y FEARURIDS ERPUTIQR S SoRppents (or

examsie Vbfar, rB8AkY, SIVWEFS @@ MG ). CRTRIS BERhST, hidtobbf uﬁ{aﬁg Buring

product relative to the high viscosity conponehts in
contpgiingdpapee foopgentimted” 28 TeAd mesluetions andinoioi zeductioteof ether

( p ntent_and a crude fee cont ent
compOu AR, ¥ HE T ARF 84 88 88 o i 6 R G50 o e B brogen,
sincalephiaf sueh dgdrogai Balsodethgused W dideribigiconlddReARHh 8 crude

be represented by S'. The sunms nmay be conpared (S
feed; i, &y examples 8 disadvpataged crudg data high TAN g ia splfor oentent that is

j . S e C e t
accefABRAPEEebtridietirlo Yanyt o neRifichlihsr L SyBh BAHE feed may
be miore efficientiyrreatedranteducedT Abitwithout alS@ rddGBing sutfant of the
? : @%%ﬁﬁo%g@n (tm%_ o(z;srg?rg gpngpai%?eg?sp%gl;g i%gctent{oshsl rrrllayainizﬁlrclig %ne or

more bulk metals and/or one or more metals on a support. The metals may be in elemental

form or in the form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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In certain enbodi nents, the crude product has a MCR
content that is at nost 90% at nost 80% at nost

50% or at nost 10% of the MCR content of the crude
feed. In sone enbodlnents the crude product has a

axe Soplemaist it Lol TR e Weloge 10~ s A gD ega s

C3 1 gdual olnms c:m @me cm&t@mneas:r 04489 ma@40@@§4 Cbﬂn 10 DN120;
rams, or 0.01-0.05 grans

DNngBI&MQ; maw% I AR N AN

NG ‘fg\ﬁ%ﬁlﬁgr e n@é @@@Omﬁgf@gé&gm% Haad? a0, R¥ss0;

RNS2 109 G560 00RNS 6.50; RIE430% RMI(BO; 2807638 BET3: Z0BNYZ13; Z723;
crude %)@gduct The cat al yst may assist in stabilizi ng
Z753pand:Z ok whichare availablerdepm R deigmatignalocafisuston, Texas,

U.S f‘&?at ment. The catal yst may inhibit corrosion, inhibit
ction, and/or increase water separation abi lities

of Thieme reuﬂ)edbmeiﬁ,l citalyhte Ublds cHaspeprpetibes£ihe cilé & include

d one or nore catal ysts descri bed

oneigE Pk Cp e~ B BaISArsrporty oGRS -1P satalsdaclud but are
not fifie 1 VARNS m PLAGHASE) oldI PSACHOR! ARbLEA, SRatbel Kdphfum,

properties er ent ropé es o
rhemmnduozslmbalp migkel, tuthemmypalladiund ehodiuin, esreiungtiritlfum, tpﬁﬁhnum,

ed TAN: b) . reduced viscosit uced
or ¥ e ToGh HiNe saiohmal bive ok el QL GiAbre 2 kel wges
tEIXS) €6Rten A8, @gﬂpl XS0 t@gﬁﬁ I
e r(eéglgdue t(r:k?)ftndttent Owlreducgg&%%t ! spha%telﬁ%iogg%en orina
rangg)f qr@&ﬂ&@b—%aam@;& e0R-9. 3tg)rams;@;0£us<hdi gnmS,gxra\mwps g)ams In
some %%Sﬁﬂ%ein‘f]? ;ﬁ ecgé&?&?sg gﬂ:ﬁgg% éf;@g}rgﬁ# eal g@ﬁg%ﬁ Qltﬁ:e Columns
5-1a maiat(ﬁ) MBantplesUTC oimiTds @leﬁfeﬁﬁQﬁélh@éSpmsph&leC MHe @atalyst may
ro C§ relative to the crude feed, may
navER Gy 1S leage oo o@eaé@lm Iessnge §ompR.000001-0.1
K q)q?’btd ggg e. For
grargggggl ®ﬁ6%8’ggjogggﬂba% on {)ec |v&?y
r edio certdidbmbodimeRis, a:camgstfiméddemﬁdhmh 6ahetal(s). The catalyst may
signi ficant] han t he. anp of ot er. co nts
have, i eret Sty s i Shuinads Rl gopipmier Sbleasy QU0 g,

least (105 gfmn@trleashm)n%gﬁl\lh AR a%ﬁge ‘mmoéfd 6 19.008-0.3

"concent rat ed reducti on, not onr uction

grang, 0 90REx 1 gramspon{bi-6.08 Bramas. Intsemmmlmﬁiunems,dheu datalysidciudes

duced | | |
fronf G000 ORI o (il 615D ET et G0y, 18 50 er °°°
embodinpatse thesat st eludesOsiugin lfseeﬂ&nedt(sa) ih aadlﬁesﬁlfmthe Cotumn 6

q%sadvant aged crude has a high TAN, but a sulf
metdi§htent that is acceptable to neet treatnent and/or

S e L e L R R O

withaing or medeimietatp ﬁmhﬂmﬂumﬁ&hﬁ:ﬁ/}tﬁ(?&luﬁﬁﬁw (0 anfolaf ratir cﬁ' Column 6
'ﬁfg{o@dl nmen s o2 L.nventi %BS may i ncl ude one or
me H}% © ghragge fomed ﬂré’pallsl%ﬁfassu‘bﬁ&l‘t‘r Fatio of
: ¢ t r
Coe NS MRSl Sl AT A0 LT 947

soméembgdiments, the catalyst includes Column 15 element(s) in addition to the

combination of Column 6 metal(s) with one or more metals from Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes

49



10

15

20

25

30

i ntroduced into the contacting zone as a precursor,
and then becone active as a catalyst in the

contacting zone (for exanple, when sulfur and/or a
crude feed containing sulfur is contacted with the

Colfg s mEalens iphie A el Ean iR g meat

the E‘cﬁél&i‘dlﬁ&ﬁ 5 nietd TR tescabdlys aiEyHeGh Al rasgd! fdni stﬁ) bPRbmAB-5.

are contenplated to be used as descri bed herein

i ndiusdme embadiments? Soluamen 10 medd(s) areincorpazaied in, ©f deposited on,

2 4 47 C4 24: 4: .
a st i oo e Slalas. SRS e TARL Bt S RE R i
contPZatibl iwifANGIlfin 1@'@&11&11;(5) N3 bork¥d 3d, Gr d%‘&ﬂ@d ofCGhkGupport
RN412: RNAOO: RN420; RN440; RN450:; RN650 RN5210:;

to fm@lf@ﬂtams da@mhnﬂnwzts mvsiich theznetal(s)2ed/or clearat(s)za6s:

w16 o B 0 Sy S

Thiﬂfilppc;]reﬂﬁsb tha p&;mus (ajndt ﬁiaiﬁ linediide mﬁr@doltycmﬁ&espc%?ow mlgdd loamd
(0] t he crude ee | NC one or nore um
malﬁ%ala@oleiﬁs /¢ eompisa tloméﬁ%%swiaf@rﬁetﬂ&ﬁ% By dé‘ﬂ are not

fimt ﬂﬁ& lsi1{%h o fifnih, iR RN SE 2 68 rehmagnesuum

o yb enu gsten manganese, technetium um

oxide;, onmlxtmbathsrcoﬁl Sk@qrtsunﬂyﬁmmbﬂamedoﬁbmahommemiabdmnfacwrer

sucf 34 Gifon Cafp iR e Trhadfplies £P i Fores G Porous carbon

basédPbeRsls frchille, PRiadd ASOINGRA 18 n&cti%te&'&:aﬂb@ﬁiﬁd/@r Fi8ds graphite.

grans, at | east 0.001 grans, east 0.01 grans or in
Exampleszf geolitesonelode Yezeolites, I@tmmht@, DO5ienita zeplitess ZSM-5 zeolites,

and Yo “Fte B pay Yoblrined BRALE coppin Bltsorurer such u

Zeog}se(rmrewbrgeppadﬁyltvma,mmé Col unms . 5-10 netal (s):
| es of ,Col umm. 15_el enents i ncl ude phosphorus. The
cat e\PUPPOR {1 SarBR embodiments, ieprapared sycl thahibssuprent laag an

e 11508 6 O S ORRE A hcerin
eml:@dﬁﬂﬁits @ sofybrigs @rﬂpareldrby(fennmgmnaquﬂm |pnste sftha sup;icah yn?a:tenal

sorBf ciybafmshisca 2t raddse e paie sty petiabipn pt (16 baste. The
wat&%ﬁ%lﬂbte%ld%e h@@tin Qudndurtd ﬁ'ﬁ'iso s@kh eSS aQr&ﬂured to give

grans, at |east 0.02 grans and/or |n a range from

the grtmd@hle page g desired consigenay. Exampleswof acide o8hale] bigasmmot limited

o et e PR o €

pe FI'l'@rpaﬁi: fifay Gatedlriiédd anldri:uﬁ Zrm t extrusion
emsnt In a

I—‘

I

cat al yst includes Col umm 1 ition to
methods apd caiakysteutting methady te)form ﬁx@é#éese @ mayp be heat
e e A AP0 1 B RO 3o

(for Exdifiple Aon@.5 8 hovas)i and ok uidl thﬁmcﬁstumbﬁient of thiobxtrodabe has
reachf & esiat gobrThechspL e spidrteneachn (e bebtisoaied af o
temnpER¥tuREin 'aRarfhe F 8061900 & bt 880-1100145) B8'%orfi e shpport having an
average pore diameter of at least 150 A.

In certain embodiments, the support includes gamma alumina, theta aluming, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0. 1 grams as
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30 sone enbodi nents, the catalyst includes Col umm 15
element(s) in addition to the conbination of Colum 6
netal (s) with one or nore netals from Col unms 5 and/ or
7-10. In other enbodi nments, the catalyst includes

.| . an ak(s). A npl .
PR oy il e ol e Sepord A o8 pigpe or in
corfibin®tic with othee furaisalf whiminm ¥ théi® alutnifa EaMteRt, peOdtards dfupport, in

or from2-5. 1In certain enbodi nents, the catalyst

a range (froael 1459% gtamen0.5-42 grmss9r Gord-Sarpmen ag detpmmingd by x-ray

. ' . t t t h
B bt GnBballtd Bl WA TLAL g bl gt 03
grafuspanldasi0.5 gramé,fopat Rasi.0.8 grame ofthetdainie) s deteahined by x-ray

..2-10 metal (s) are incorporated in, or deposited on, a
8rt to formthe catalyst. In certain enbodi nments,

LS b o O S S B

technigyesr Examples of catalyst prepaxitions arel deseribeddin i St Patent Mbs. &;218,333

o R ShE 325004 e GOSTER 3L S 7B 4 B b, ana U
Pate®tiplisdtionPblhtiorENE MRIDBOF)1391 I BRALPPOr t Nay be

porous and may include refractory oxides, porous
car Boamsshodiments thesupport ewlyi bedmpregnatedmitin et e form a

r .Ory. oxides i nclude, but are nat 10
carfipt BteraBCBEdRiotts” be Sifol bt Bbiei o Sthoindi h g Rnee
from 400,20 PCLAB0-LI00RC, b 60080 BG ipHB toditipstegnaion Wit 4 iRtal. In

t hereof. Supports nmy be obtained froma conmerci al

SomeAmROSEREnts impssgEAtion aids may b ypdchiriag preparaiien of the catalyst.
Eal O iR ERaon PR} 2 cRAE B0 Pl Yl epipprorancti

acid DB}, mranomih, oa niigturesithéresf, por ous graphite. Exanpl es
of zeoli.tes.include Y-zeolites, _betag zeo]jtes,, !
morlﬁéﬁ’f‘j?le CRbOFRELS, agiplt may Bt iqug,bmﬂd_%or incorporating the
Collu@h§ 580ih&ak§ab héﬁirea'éﬁ%héﬂeﬁ SoilRYesUT SQB%&& &fefhfAfE®.

commerci al manufacturer such as Zeolyst (Valley
Overlgying 2 metaherytopaofitke hest Seated shapathsuppop faving 4 substantially or
' IS, pre e ch that the support, has an .
rlof19 S Sons BT it e ok Bdeng BB eyl B of

the futalgst. dleat @eRIngTQA shapddbupirt #ted cac B4V irSetalfends to improve
support |js prepared by _form ng an aqueous paste of the

the eataiic activily of ithe Catglyst] Matlnds tepispare fenetalystawingcvsrley methods
are 86880kd § U8 PREX ApdiRaAPhitlichSbe N6 2003841 Pa1'BBnan.

paste. The water € acld are a I'nSUC
anﬂﬂn}j&ahlamﬂs B3 Osnethl(syeht supsportanayelsp nbed With giiveble m]lcibﬁng
extr e te a Sir onsi st ency. a es o
equipiient o it g iomeg 5oL DaneHals) [Rper et Fhe Ephirans 10
met@/slfporChafktnthdy ¥d Gidaisin @ﬁﬁ%ﬁy&mﬁ% 'egﬁi]b@eﬁﬁ.' Exanif€s of
paste ‘may be extruded anéll c%t usi ng generally known

suitehle wixing equipmest include Smmidersctiionany shelisbysoughss Mullgr mixers
et hod form extrudates.. The extrudates nmay be he

(For (il alch B B FRRiOR.Tps). il Rusers g snp Gihep eeperally

knoﬁrﬁm&Soﬁgéleﬁu&%ownn@wcle,qPﬁfwﬂvsﬁﬁabl& bPEvigE 8RRt Qlumin®’5-10

5-8 ﬁours) and/or unti e noi sture content of the

metgl@/ﬁwrtenh@ge- leegrtasniermboimentsthe matsirialTire mizad until the
Colﬁrﬁfsa&?ﬁi m%ﬁlfsy gsa(tafe) rértt%ﬁ(statfl?i.':1f1)lrJ ﬂcgnqggreng&?s y Es%gltsg ina{he asupport.

In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,
from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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tenperature in a range from 800-1200 C or 900-1100 C)
to formthe support having an 30 average pore

di aneter of at least 150 A In certain enbodi nents,

t he support i ncl udes gamTa al um na, theta alum na,

el oot sho i sy s b nek Bootpl 7 2 o af o ir

andbithFgal HER difat DlemPeRHRIrB ) h ﬁ{h%e tbafveeh 400SC SHPTO0R °C to remove
catalyst support, may be in range from 0. 0001-

volatilg meattensugb thay atslegstmm@n Qf[th@ Coluyprs s 10anetals anmmnv@rtad to the
°°r%n§$i aslﬁl[; mﬁ éerm ned by x-ray diffraction. In sone
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usi ng overlay nethods are described in U.S..

|
40 Bl %Bw%tmpfrbmmme%é Vith smeportigfeun pp3gibedded metal
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or troughs, ["er 'm xers
portion of the metal to re51de under the surface of the embedded metal catalyst (for

example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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(for exanple, batch type or continuous type), inpact

m xers, and any other generally known m xer, or
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Ofthﬁgf “EL di aneter of at |east 230 A Typically,

SUtihsdie@émbodEehdOcakta I i
o st Bkatdly RORGY B ?graéﬁ%tgh%fﬂﬁg" Q%“SSE‘?‘“‘%‘ Warious

poresEueuEs pasargeteTRinelnds, butqrp oot limited te; (popodiametss apae vdluas,

h t ed
w5360, s g IS ey HBERESr
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median pore diameter in a range from 180-500 A, 200-300 A, or 230-250 A. In some
embodiments, the median pore diameter of the pore size distribution is at least 120 A, at
least 150 A, at least 180 A, at least 200 4, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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medi an pore dianmeter in a range from 80-200 A or
90-180 A, or 120-130A. Conbining the catalyst with the
support allows, in sone enbodinents, at least a 30
portion of the netal to reside under the surface of

T NG O R N
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oI $8 B APASE &P Icp /e JR FSTRiR esrhnshiments.pore golympenigiores may range from
os%tggqﬁﬁ% .4-08"cnf '5?'065-0 Il.%p%enum trioxide and the

al'um na” support VI ng a nediin pore 15 di aneter of
at Theawmtalys Bavingrapobesizodisiribation evifhos fitedian pore diameter in a range
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ran%lé(}”ro'ig 80800 N/crfd 0603@@0 ﬁ/ dﬁ Ny FER5%Y Nﬁ‘cgt’ o 'B%tﬁﬁcm" at Q&(Y §§§N/cm

at include at least 0.5 grans al unv na
gr dmsahe embodiments, the catalyst and/or the catalyst precursor is sulﬁded to form

metal sulfides (prior to use) using techniques known in the art (for example, ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with
a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catal yst have a pore size distribution with a nedian

pore dianmeter in a range from60-200 A; 90-180 A,

- 100- 140 A, or 120-130 A In other enbodinents,
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selestivaly dhanige ipapterties ofia\drode feed ovhéle dinbyetiamging dthérpraferBé in -
relaA 70 or 90 A of. the nedia F"gore di aneter. I'n some
Bels aiiall apounts spay allg, ‘B"Pd‘b% o hapeee gificienglytregted. In some
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certai n enbodi ments, pore vdlune of pores may range
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nQ/T%é second catalyst may reduce at least a portion of the components that contribute
to the TAN of the crude feed, at least a portion of the components that contribute to
relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude
product. Additionally, contact of crude feeds with the second catalyst may produce a
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In certain enbodi nents, the catal yst exists in shaped
fornms, for exanple, pellets, cylinders, and/or
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A of the nedian pore dianeter. Contact of the crude
feed wwth the second catal yst under suitable

- contacting conditions may produce a crude product that
has sel ected properties (for exanple, TAN)
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s, T 08 SRR STIR, PP s o

Columst Eain(:tal(s’,t perrgra:ﬂ of eataiysataﬁﬂ yi6leagtr0e0001 S@8ms dH€olumn 5 metal(s)
cat a cur sar be heated in the presence of

per 531k O FetpyRe 16 GPRaIn <Bpdametighe Colipenn a@tedﬂs ganadium.
t em%ﬁﬁtéﬁﬁtfodli}%ﬁw {RO8rdde e 1%12%‘ BORLGactD® aﬁ%d@onfiloéatalyst
arelativ ort period o o formt

subseguenl toicnatdct \Imtll thedanrath patalysi yﬁhesaxldltyonal batalystrahy bé one or more

of thé {'o?l%mng. the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,

the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.,
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25 is heated to at least 100 C for 2 hours. In certain
enbodi ments, the third catalyst may, per gram of

cat al yst, have a Col umm 15 el ement content in a range
fromO0.001-0.03 grans, 0.005-0.02 grans, or

O 8 0. Ollgrla ?D\“ﬁ %«fmthl rd ;ﬁg#s exma%ctgngpgg}ecrude
feed mhctwﬂﬁ:the@@tya@at@q bﬁ%ﬁe'ﬂ@ﬁ@éﬂge ftdin SP0R00 °Ca320-380 °C, or

enbodi nents, the catalyst precursor is heate
330376 aThe wadeyrpduet SuBiuTed fronhsnchresntacting ofaydawe o740 of at

moffRfe, 3ot 0% AP BN e r R Hisb AT T TN ep Eiedeed
Hydroged peierafidh afaytbeén 6 kit fread-50 Reas® a0-4EREFP /7, or 15-25
porstion of the netals in netal salts of or gani c

NmfJay’ dhe ceida pEodschmayhae & SreldNiV Ge ontent pfidamost 8% af most
TN i N

the caifafgedlt nay produce a crude 56 product with a

relatively |1 cha in the sul fur content relative
t o JprEriaie tseﬁE%th}’PF EcatalypidC figh gatalist diindhudes Column 6
t
et bR B8 RS0 U S Pl pore s

distbuticerwitips nﬂedihnpaw/almetdmfauleﬁsm SOGhtae teastd20 A et least 230 A, at

teasf 535, ioist 00K 6 i 500 & BRGpver o lice Ackegd | srams,
at léat 0°Fbraiisad dt ¥noseld. 999 Hﬁh@oﬁﬁ@ﬁ%‘ﬁmm\{?‘ gfé&ﬁ Sf‘%]ugpﬁﬂd In some

residue content relative to the crud

' emt@stmmtg; thepsuppertibes anadphraalunibacontentiof belown@d zglramabf alpha

Vi sgos@{’ﬂ)’1 3‘1?:2{4?@ cﬁﬁa‘:@%‘/?’%{éﬂ onhesg)tngq %g gnts, at most 0.1

: -~grammmmlngmtﬁ>maalimiet g:&ﬁpuﬂeatallw 2l at Basi/0.b501 Eadisidf'CHEmn 6.1

tent, V GO content and residue contents relative

mett‘lg* éﬂtﬁb’é%i Insamegmbpdimpatscihg Golyrn Guoetal® e
mol uYand/ of 10 treatnment facilities. The
hird cat |n sone enbodi nents, may reduce at

| eds tertaip ctnbmt:bmem&, nich hytifcigen aptake by thé ciuble feetlursy berthtively

tow (R Stz BB hohaling s Rl O 50 N gt o€ N

whe@‘ﬂﬁdﬁfﬁd@fe@@lséﬂohﬁhcﬂ Httftde ﬁffh @atﬁl?&% a&&ﬁ?&ra&r@ﬂ%‘nﬂg&ﬁom

grans, . ans an

31 0—%@{) uﬁnffﬁm 3@@135 0 (’ §) Ol‘lﬁltm:kﬁ'&ﬂe}ﬁO Gy Net laon@egdmmtake by the crude

fet:d0 s%glje e%b%%g:?egx?f S?ayggtqg%rgpgg Kgﬁoﬂ%g" éma,%}iglm@}m or 3-10

Nnﬁ?iﬁt aT](téSc)ruﬁeilb@HMﬁ pratayed @M tdddd of BRUGhAORe® Wit the ﬁ%ﬁtcatalyst
Qn of the conponents that contribute to

|
mayhale tr:'i@‘éoﬁ B @psh?0%PcatpapediPe ot moskS 0% aonps nasb k9% 0% of the TAN

or B0 00y 3R BRI BB SE e BB o ¥s. 005,
or 0.6240di8. nents, a fourth type of catalyst ("fourth
cat al udes , Col um metal (s) in conbinatio
G NGRS M PO U S

5 e@a.l | r

A O ARSI T R e

thpm@ystﬂ lhaﬁmsptm: sigé dishrébuticor with e atediansgoredianieteraif at kastt180 A. In
sc,me2 gmobc'%im%}fcs, the median pore diameter of pore size distribution may be at least 220
A, atleast 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may

include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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| east 230 A, at |least 250 A, or at least 300 A. The

support may include at |least 0.1 grans, 25 at | east

.5 grans, at least 0.8 grans, or at |least 0.9 grams
of--theta alum na per gramof support. The fourth

et a B I RO s R T R BBl S1ce Pl 2% 04 bram

pelsgram@asata@s@ ﬁﬂkiatgémﬂ 0001 GeArt§rof @ommmai ﬁﬁ:ial?sﬁ’ &hd abﬂﬁﬁn 6

catal yst., In certain enmbodi nents
meﬁﬂi@ eriggim ghatalysh Ingomsembodipentsnhe molqrhratl@ pﬁmlfcmm 6

e e T TS T—
emhmiﬁmbmsnhb Cohtrah § stetatdy vheaddne agd th%@lmﬁzf 6 frlRal(s) are
Wi n the first catal yst, the second catal yst,

I e‘l“l‘?? QLAEPN  the fifth catalyst  the silxth

gggﬂhl)é%ghde éﬁggeelﬁgafsgir é&yodla‘hgﬁl ons hea%%)s? l‘n %&tnﬁ?}( i in a range
from 3 a0} ﬁpﬂ*ﬁ%ﬂjb?c rm;frm 3gm¢so aceﬂetdiyﬂrmn uptake by the crude
feed BBy B8 1. B ot 1 ) HieP i 0 0 i s Tl 192 alwéfvré or -5

NnPfn? tascxﬁw CNeEﬁt?veCﬁétjlﬁ d&@@ﬁu {akefmieglg Sichi gen is

cont acti ng nma ave a nost at nos
°"$)9‘60°@Fedﬁ§§tw-5@% cmdearodms prcm%dafromrmmmetchme feed with

e Pyl B8 Ty 8 TR0 B SRRBHCho o i 8. s Dimemost

10%,romeleastawaf the AN ¥ €heferh @8 Rled NTAY bEthe ‘%Fﬁd%"ﬁro@lict %{ay beina
at npost 80% at npbst 70% at nbst 50% -at

0%
rangﬁjé? %c%%fog%orﬂéa@r 04034R.04- tot al Ni/V/Fe content of

of 5% A heen e A DB TR Broaf e oty I, s,

- or sixgh edtglyyt reducemﬂielmatalmqwmhe:ﬁ of hgtgeh dutin@ pfo¢BdRael while

distribution with

%he fift cataﬁy@ﬁ%has a %gte Si ze
prodpc ¥ acceptable or Fausportgtiomandier freatmenty Since
prodhcn@tanﬁﬁﬁ%n Prirfhy hjﬁl:ﬁ'oggéxﬁ@%Bstf;,5 lﬁ}l’n ng gﬁé‘ﬁgegé%ggﬁlrogén ina

at nost 500 The “support ma
proggssasTeasesiovierrliqprogessingreasts, or - at nost 0. 999 grans of

er. gram o r .
09 BB s My BRI SR o ol
contefit df€loduvnf 6In@ gy sn era@éeﬂ’@@nlﬁomhl«ﬂm@ SraRf of T Hnd 6 metal(s) per
The cat al yst I ncl udes, in sonme enbodi nents,

gratgg %é? sto The Columa 6 gnetabis melylenamandéyr tyegst Qgr aFhecseventh
catal'-j@f 8 |b¥12éﬁcgdg ?n gxtog{rjnﬁgétac grtx O@f*ﬁ@@é’%ﬁg CEM gﬁ PtrfgﬂsttSQO% of the

TAN éthe:oi’udmfeﬁl netal (s) are nol ybdenum and/ or tungst en.

BB o R Sl e
catafirklﬁlfﬁ a@h%lﬁquam&ﬂiwhséd §QISWS d_%ségo Hrﬂéé{lg Y VVI th

30 NnB/ nB when the crude I's conta

t h&elegtingihe a@tallyytéa) oftthia applmqmnatand eomtrolhng ﬁp@'&tlﬁg conditions
37 -360 C

ma}f%ﬁg?vg‘lggﬁ ”; o?tcbéeopﬁ) uee @ét ha];sr aln of gelgcted propertles
chm@ﬁbéfﬂédstmg? ﬁxg_d?@dé feed whiid o"tlﬂ:@@:?oﬁe‘iﬁgﬁ‘ oF P NAB £l ardindt®
significantly changed. The resulting crude product may have enhanced properties relative
to the crude feed and, thus, be more acceptable for transportation and/or refining.
Arrangement of two or more catalysts in a selected sequence may control the
sequence of property improvements for the crude feed. For example, TAN, API gravity, at

least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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N8/ n8. The crude product produced from contact of the
crude feed with the fifth catalyst 25 may have a TAN
of at nobst 90% at nost 80% at nost 50% or at nost
10% of the TAN. of the crude feed. TAN of the crude

nioRh5idfpr sETRAR hobidh SRS Sl o B Grude et o e Reuced before at
leagt atpattihiof hetrodibims af Ak ¥Aide feddgted@fce@ol um 5

metal (s) and Columm 6 netal (s) in conmbination with the

t hebaangemenhandiomisinction gtibe sgakysis magdnsoystenttasliments, improve

ivef B Tl on il Sl R R R BB B
Imptbeomidne of DEatplgselifs and/ofstabiliiyvftthe Rty feb®tclil Prédfdt nARRire

A, at least 230 A at least 250 A at |east 300 A, or
duripg prersssingynay allowe conigsting sysiein to aperatedfon at least Stmonths, at least 6

| . .
o8Bt 583 e of 1l 8T o
al lmcimbinplfgmsgfazlpctéd satglysts Enaty “ﬁlhbvg: ﬁgglbﬁai ingﬁ)lea'tsﬂlﬁ m;iﬁm of the
. SO e odl nLs, Oolta um nmetal (s),
NiryfkeS difasta p%%&o; Fifesés isphalienssy at Tesstia BPTion of e mgtaliin metal
salt9bf (gP{ugl): YSills, 2B [MdstH pdrGPE tgf ?@?ﬁ)ﬁﬂ 118 thal? fco@'bﬁmfﬁ ?‘ AN, at least

met and Col umt 6 net e? gramof cata
a parfiorsofifbe easising) omconshinatioes theteaf, frat the ofudedead befoteusther6

proffRi& g e b e Pinged ol miaphisiing i ARG, ofthgerude
feedPotal product v ixdhrel darin@ pRRbssHgAISt &:Fenfe) xﬂﬁiﬁta@niﬂgta%kﬁc&)feed P-
are _nol ybdenum and/ or tungsten. Wien the crude feed

valyeof abeiealed e ANFTRA Vel Cs iasphaltenesa TySY and/onAPE gravitytmaycbe

e P80 S (TR G MLt o

© incrixeentallpandioigeldetively chihghipBipeRidsoofifle biidiefBed may MIBHHe stability

to 1 , or -5, 10 NmB/nB to 5 NnB/ nB. Negative
Of“ﬁe“tm%f@lt[—‘%gﬁ Haafﬁ%& @Wﬁdgge w@mﬂcﬂmmﬂa\xfﬂw%nsgen i-s
bei : W OREF. WY A
Bt (T, Y A B 8o
upstgeamudfisserinn of ¢tedalysta Sunki pokitieningpef the Gist catalysb ataySlivov removal
t ,50%. at St, 0% .or at |least 1% of the TAN
of bigh R Rt el coRlAmIBaRs A" msiglsi metal salts of
orgadic deRi3g@hilé aEitaifipQhelstal]1if%sf Unk Rrude! feld/Rtal brlduct Mxtyre.

Low net hydrogen uptake during contacting of the crude

f ede firet atalyst allnys, in someranhodinpents;, farvervavallof et least a portion of
N o R e
decrease éptheliife of othet caslgRoin thé ifenaN oY mbingdr¥RAdreoSifivaethe
e o B bt 150, P o spaisoea b
feedg&ﬁf FRRSE nA¥XBEAtdlatRe Q‘ﬁ BRINR gggéglﬁgf)lég?lhgg@g{?g%%r catalysts

embodi ment's, a seventh type
positietted|dpymstreannsnd thust imkreasestiiectongtf ofGihe the dntetial G$tem may

in a,range from0. 0001-0. 06 ans of Columm 6 netal(s)
be ofylpiBa WA bR BshingRol ool St SR ik 1 & portion of the
Ni/VIB¢ fB6IaRs Buae dedimay RESInR embUdB na¥s HcRease a life of one or more
catalysts positioned after the first catalyst.

The second catalyst(s) and/or the third catalyst(s) may be positioned downstream of
the first catalyst. Further contact of the crude feed/total product mixture with the second
catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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catalyst is beneficial in producing a crude product
that has a TAN of at nost 90% of the TAN of the crude
feed. 25 Ot her enbodi nents of the first, second,
third, fourth, fifth, sixth, and seventh catalysts

redtiBY, ﬁ.{llrso e &a{?e and/or used as,,is otherw se descri bed
Y&,SBIHE CoBPb Todcg OFRePTSoft ugerthe, confentiof mgtel in metal

saltggpo@gggﬁgm_i ng operating conditions my allow a
crude product to be produced that has TAN and/ or

sellnsoma epbogizrentse sontadtaf thaicmde faedweith thetsbeontraatityst(s) and/or
the BRI Py PloaBER e Falopl Bfadihigbunibais adeduced

TANPyredased selfiedsitaht M RBe¢Hi SR békhbx}ﬁ? a rédhcbd BoREMIR metals in

feed and, thus, be nore accéptable for transportation
mety] saltyef organio peigs, a rpduced gsphaltenest contnt,ox reduced isoalty,airs
' e control..th equence of,.
comlbhaBo Rl ik A AEIAC vy hinad 2B FP Tevle.
maiiftAiding'the sgbidivy bfthe sfude!fesidiotsl ppeduct fiixMife &lithgProcessing. The
aapha tenes, at least a portjon of the iron, at |eas
second catalysbmay e pagtionsd injseras, citharayidh therseranssatalysh beingamstream
of WA L gsd he crude feed can be reduced

f thirl Sat HRAHH
be%re .é? ’Pltaast a portion of heteroatons in the crude
f edtie abidity dletiver. hylrogende spedifiahcbmictiagl zoatd @AdOlo thivemize

bRt ik Autlhe Contbiog: CrEmbamaians of satahSerbatdreiliy genesation of
hydiogésldtrdigdontiicBAs Ghd ChtalydlsGhaty | rﬁgﬂlfé’r@{}r dlg{vf %é(a.}ntt 8{ lgydrogen

catalyst Iife and/or stabillt
duripg epnteatingi meybeusedde chapgp seleetedipmopartiss @ff 4 eudaproduct relative to

e femt perate fqr at .l egst nont hs, at ,
the SEBSESICEER YR UM ReAPRORERAE B SR et ol B v n
combinpliore with e fixkt dafityt@h,3bociid dafalf$he) AR Aatal R, PG catalyst(s),
. Congl nations of selected catalysts may alldw r'eduction
sixth catalyst(s) aad/og sqysnihi catplyst(s) techappg seleesed propeies of a crude feed,

: i ' t] f :
whilf ik chinfite biler SropfiEBAt BRI fba b SberBy Rk yulor while
maidtaining candedeed/otal pfodubestatdlino e ardéhaid/sainttieb uf €athl9sts may

AN, . at | east rtion of the residuye, or
be selesast R fpingpize p Ygﬁﬂg,enﬂlp tvﬂzélecm@&m@gaheo@m Eeediiotal

prodREIRBITItY © BMiRiml RSt Iﬁfdi’k‘ifenfufﬁ?(e fows I?@éggl%j?og\g%%gg content,

. _mai ntaini ng the stability of the cru
distillgte gententnARE grawity) or icompbimations therepf of tire cendefebe jo be maintained

. ' FRIN crude feed P; valu f ove 1.5).
withf400% 8 Bl Webp e che e e E3¥ Roedu min e toeabA Ry e tge
viscosity obthe Lrudetesdize tiad bdast SGHWTREE PANLRYGCthe HscdH of the crude
crude feed with selected catalysts. The ability to

feed; hcrement al | y and/or sel ectively change properties of

T R DTN R
that h;agadmﬁ_in’t%rrgngel distﬁ'bﬂﬁnﬁfﬁgﬁldi‘ memte $oilt oﬁm‘fc{i§1:1'i515'l?ti<ﬁ1c Ofthe crude
SCr e ve), ma € posit] one upstream or a
fee“é’@& iaé%‘i“&f:g Eﬁggq%vg i @’{9&&6 fiths emile &egf Thgatamic/C of the
| . £ hi |
crudE OB Hiay W iy Mg E B ey sttt b s REbhcRleqp e

atomicrH/éefthe emtle $eedf or gani ¢ acids, while nmaintaining the

stﬁb& i tny of t.he.crude feed/total product m xture.
Yydrogen generation 1n specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,
downstream, or between additional catalyst(s) described herein. Hydrogen may be

4

61



10

15

20

25

30

The first catalyst allows, in sone enbodi nents, for
renoval of at least a portion of Ni/V/Fe, renoval of
aci di ¢ conponents, renoval of conponents that
contribute to a decrease in the life of other -

genpptedsog shiaptits SPUic F0ks Bie b he foxuth Satal S Gnaid B Oken
maPh¥ dd1Reredito e c%ﬁl%ﬁh% SHRS thad ifdhelethd! @&ditiﬁ)ﬁﬁ%i&%s?dts% The

product m xture relaftive to the crude feed inhi

delipenygditreghysitogeniazy beoscaintes tasthe Siost of theetudedined t nosome
emtBn L o, M55 bk bt o e i EEAPSE

feed;at al yst. Renoval of at least a portion of the
R ey B T
be ¢BfSeteg MRl kol oht b BB 0l bror PR Effacting zone 102

in FGs2B), enehydtogeisinae benileliverddto ahiatiditioaal cnyfting Zofié (fof example,
contact of the crude feed/total product nm xture w

h
contagingzensrd 4 e K1G 3 ip 8 dirgefignohat # Feuptentoafloy of e "ﬁ’tﬂ§° feed. In
50 Lég{bQ mérfts! ieh enrfﬁaqyﬁ]g bB Bof AR i thdhbwW &g.;\e cfole feed.

re ur Cy ont e ﬂ na/ or

uce su nt, reduce oxygen content, a
Alterpatively, ithe stacketleonfigdrationt ke fomexamiphé, FISaBB3, hykrogen may be
or i ¢ _acids..ln sone odi nent,s, contact of the .
el g QoA ipEy OO CUMANBZORF (ot ¢ SBlRcp-piacting gone 102 in
FIG! BBY. A 498Rig¥s bhiide MBY bPUAHES B «Rrvd8ddifssH] tBh@bting zone in a

product "'m Xture that” has a reduced 5 TAN, a reduced

diregtigxf that ig @?mimt t,olfmvf eftthe emdlg igqgle(fpr @Hfami:ﬂn, ,ad_dingéﬁdégmn through
confBEH 8o Comaling aine (14 RFACH 385, apdit sdfpR SaficRpey pjatiing

zon€ nddivsttion figat is@he@tent kethetfioweof the bRierfeed et extenple, adding .
properties of the crude feed while nmaintaining the

hydrogem throgh esmdei 406 o gentacting/z0ne 416 for BHR BN xt ur e
017 SmELABSISIA, L6 EROH AU Y5 R g sy i

positioned I n serfes,
eithérewitlythe fetmtie catmlydtendy upsteednhn bf thecidilakcgmlyst, @r videoersa. The

b5 SO0 SIS, rcs
Ni/ VPE cBSte O R @61 reBke A CORRNNEE MRS iR netal Blt¥ 3F 8rdafRlacids, with low

facility generation of hydrogen during contacti ng,

net lﬁm@k&,@fﬂwﬂ;?ea by ithet crugs ferd howeieah)r;he gen télmkanﬁm atlowfother
prorifesdf B crp bl b S0 SHonifBly SEratl SPete FRIERETo fhe same

profefies i e pudpRed.i es of the crude feed. For exanple,
the fourth catalést may be used in conbination with

t hdn parpe embedianepts: (v ditfseabiryenthcalalysts g1y bemsedin combination.
T SBAE44aeld b B )ty B Sy v

contpntafeidliras 6ahetal(<)) petl @rdne oficatalydt] ine: remiy fORAO.G00D-0WBEEmS.

roperties of the, crude feed by sel ect amount s
The SawPFeanhsaventh satehisLaAy heyect otk coea ?fg‘fg@mﬁr%@e@ﬂs(s), per

g oty R 0 A G M B
Coluren htretal(s) in theepstreadesevertitl chtalyat, or gir stk 0% gabislof tGatumn 6
et B e e B S eSS0 S i seventh

catalyst and the downstream seventh catalyst may be reversed. The ability to use a

relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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distillate content, APl gravity, or conbinations
thereof of the crude feed to be maintained wthin 20%
of the respective properties of the crude feed, while
the TAN and/or the wviscosity of the crude product is

ﬂleg?raamérsotpﬁ 0% gﬁ]the! ng?l\lqg.nd/or eﬁélllaﬁ% |uga&|;)f! t he, heteroatom

.con&éaﬁ &M@ﬁvﬁ;ﬁ 2ébidRYcoRfeRt VOO BoEmder dynIbiations ateof)2s a

boiling range distribution simlar to the boiling
pOi Gontémsﬁ thenundeofsed withike epstrdam ahd ddywnatreara sesaticeatalysts may

pofl 5 485 00D B 0SRS5S BT,

moﬁteﬂo% oy ai Maﬁ ed &f AETAN 6f tBe cARBHEIS dn lsendc@nBfdineRE] the TAN
C of the crude feed. Fwdrogen generation in speC|f|c

of tb@ﬁwée feedgnaychecincrementaily srdused by eonsact it theaipstseam and

oSSR B FOC OO, RS e Bl cpio o

forth anduitiel odostodudtivith cfhaﬂge‘dfprépdrﬁémlaﬁl% ume drde feed, and then
eam vvnst ream. or

confgtipt the el i HFOMcS INEE SeiBOBA araly 9.t pRasiuge the oFede product
vﬁt]?@haﬁéeﬂéfb?éﬁfe? IQtWé ﬁ?ﬁ%ﬁ&hﬂ@gwﬂgctgh%%raﬂﬂﬁy E@Feﬁuce TAN

ourth cata and

incrdmientally enhytassistin mmg the stabiligsoft tha crudeceeditotsliproduct
. cd|dt| .onal catalyst(s). The delivery of the hydrogen

n’”‘ﬁﬁ? HBE BiP

GEB8% 0 the fl ow of the crude feed. In sone
entiadbae Rirbodinhéitd] ehta M8 sletfiod ﬁﬂ/&yd}lil&ﬂsmyst?ﬁl combination

concurrent to the fl ow of the crude

mt}emmllsd confactingtcqoiisians Goif dxgople, mnpe(ra’eme; amdm méwrfﬂed flow

mmfhﬁgn € Co nFée(lig' % ?‘%3199%%“ F@@gw f%S@ftrﬁ%PFaﬁ‘gn agﬁ{é}n ’

feedfdfal prcmuEi xtaB)stability diigiel meéssmgymﬁl&:mgmgaﬁfedartn@ora Properties .
addi él on contacting zone (for exa contactin

of the e qnwgllﬁ relatiye tRNC rasPectize PROPETLSA 0 hlsst crade feodn Siability of the
o SRl ) b ra B BRI G o

crud:arm@wtqtd @mduchﬁﬂmamhml syparaunmay Be kevsed byf foyekample)

o e AT e ot 5 SRS e ct i

ﬂocéﬁl@ﬁo@dﬁdﬁﬁﬁzﬁten@@ﬂ&ﬁ%é Md@fé@&]t&ﬂzprbﬂhct%ﬁmrg Breci tatlonl of

hydr ogen source may deliveredto a first additiona
compeprit frpmghe emde fwdétotablpmémt ingKturd; ot combmanme thetenf.

/s Ronte e SR e R BN R e

and/dB)otalqm@Hdcﬁuﬁhs efde ecddoial prodadt n@iﬁﬁ&@ﬁidyﬂgmng@ Ngs the @
|rect|on that iIs concurrent to the flow of the crude

congealration of the iofahmreduck indhe grude jredbgiahprosugt mpiktatsehanges due to

o, 5 ORGS0t ey ol o

companaltsy/sfithatotal psedhct in theciuds feedﬂd)khﬁbdmblt Ihmﬁne térﬁisrtb bhange
For cat aI Stfﬁ]be' n{; gpstream of the sixth catal Vi C

or §ude fecd Ay rantagHcampongats that AT slgbl am;/ e pda feed at
the %xﬁﬁ’&& 3 (RO&ssifRt Ak pidpesties BPhe P Eed ChhndeqfH €Rample, TAN,

MCR, Cs asphaltenes, P-\_Ialue, or combinations thereof), the components may tend to

become less soluble in the crude feed/total product mixture. In some instances, the crude
feed and the total product may form two phases and/or become insoluble in one another.
Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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Ni / VI Fe content, and/or reduce a content of netals in
nmetal salts of organic acids, with low net uptake of
hydrogen by the crude feed. Low net hydrogen uptake
may all ow other properties of the crude product to be

congasfop el Nedamd raPouR, il prelpituion AlGampBRES. tends to

dh S RRlor R BE the & AS1di%on
e cégr}bl@l?%gl on. orT he sevgn?lﬁajcat al yst us dﬂlu%%gft“?g%r%()ﬁh%?mcess

may herafoeeds t Farznanplecrepéateditrediment ofdhe hnde feed/iotad product mixture

maf BEhEssePY arntisserieooni nilb dertlet pishrntdean - "
seVRiiify frdkedsiha! thEWvdI@é’ 6F the BRIIB fectIPiOtA Prodiict FRHHAI Ay be
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LHSY . temptrasute,siressurehhydrpgi usakeacmidel fedsove,aom cmnbmﬂﬁmm thereof.

e s RN
asp}iﬂt&lemdﬁtr otle aéphhferek atdYRmbARH Ghilk Meaiftaiiieg ﬂﬁMCR' dﬂ)ntent of
nme _enbodi nents, the TAN of the crude feed may

the Frﬁé? faedn Repgtionaf thedMOR, canymt shrough hyrrogen uplake mmaher

confREREERARIASHER) bl T LokapRot bPEvS PR B AP bRfe Ble

stabdlity o ﬂm@nﬂmfeenmam pedzhngm@ktmeméxot tifs of enedd niéretaf thd\eatalysts.

r eed, and t nt.act of fhe init,al
CO%Pﬁaﬁant%“Pﬁ ol %ﬂﬁ flrogsR ¥ptpks in #%b%amwﬁéhe catalysts
S TAANRIPNSs 45 COubhaRIPI 5T RUOREY e OUEK, Maudf ot e

cmderferrcbwdmchangps hwawp relativedy smail amomtal ning the stability

h rude .feed/total. prod m xtu
880 RSBl STtiioB RaiEoos 4tk SonbSistineR hat tomperatures
in oﬁeﬂdl/ mbrecﬂodﬁctlﬁ?é z6iRE oy Ve HiffEreiO PPN DL dlﬂbkﬁt temperatures
control Il ed contacting conditi ons@l&; or exanp

alloys fyeekectivechangs Breredefged propertics lemamfatmyg fheystability of the
h
onBSBL B AULAG D1H: 990 Y S DYt BENGE bty s

ofa quaesng A fiostessianiig tangerahed 3 thgtedfiRraturdmtke ﬂfs@ PeithdtRE zone.
of the crude product relative tqQ the respective

Othesicoplertingemperaties (i prampde gecond spmperafire third temperafes, fourth
tem;ﬁe?:@cﬁfet ef &lteer L6 ﬂ‘fett?lﬁ éﬁfﬁﬁéﬁs 1H%¥ntg@tlrge£(§1%% ﬂ%’c Pﬁ/ F}%%g o?;?& after the

phases separating cru
first eDminching zdAkea #efiso@atating tenngeyatore may be th Hyangé dfom 100-420 °C

exanpl.e . :
and & Second contacting temperature may be in a range that is 20-100 °C, 30-90 °C, or 40-

60 °C different than the first contacting temperature. In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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20 insolubility of the crude feed and/or crude product
in the crude feed/total product m xture, flocculation
of asphaltenes fromthe crude feed/total product

m. xture, preC|p|tat|on of conmponents fromthe crude

.eed/to d t or conbj pat t,her eof
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the crude feed/total product m xture may change.
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feedvwhemibe ifirs atmil bdcend mmm;grtempmaturessm within 20 Changes
may al so result in the crude feed/total product
m xture formng two or nore phases. Formation of two
EXAvages through floccul ati on of asphal tenes, change in
— 63 _concentration of crude feed and total product,
an M lipitingiesrmpies ofisuppor gagnarations atalpst peeparations dargksystems

with Wfected RS oPLarlTPHS a8 ebHEpfof Bl MR conditipps apg.set forth

beloweduced. For exanpl e, repeated treatnent of the crude

feed/tota product mxture rray be necessary to
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f
bl A R 1 i B3RS o
SuppOUh GJOOObgmmsb»f gemimaciminapd.0868 graystof alphy aluedie t0. 021)8 grams

ot S ) PR b PSR Bty e
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stability of the crude feed/total product m xture
and/or |ife of one or nore of the catalysts. 20
Control of contacting tenperature and hydrogen uptake

in conbination with the catal ysts described herein
whi |l e the MCR
a BoreSize Distribution

Withed Mddisi PoreBiaim tLaﬂ; 2 %ﬁ@&&;ﬁc |
._.contacting conditions are controlled such t gttalystwasprepared
in the-folewing masner. Fhealsmina suppertquepaet bythe method degeribed in

' r : [ at _different t er,at.ures 25
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feed/total product m xture. The crude feed enters a .
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fir ' is.the.tenperature, in the,

1 e 0RR shunbh 10725V ekt ik R Sraier imiipeastion
solutibmyraged sl Bours ecthpdcdsiiiaPigMatib, driell af 23 €N BYEaPhours, and

ourth temperature, et cetera) are the tenperatures

four,
then; Galcingch a5 480 G ferdbeurshThe mseltipg satalystenitaified0.04 pearddof
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vk S TR Pt R SRRt oy
had & potessitd digribeigewih disediBYRee HanRtd: 30950 ﬁg Q;oio?e&glgﬁﬂe%? 0.69

3, ?agé% C, or 40- 6Q C different than t _
cmU/go A Birfge arad A 20 Y & Addidienally c6thBdiofthet totaltienber of pores in

the : act | e.is, greater than.ih
FRRE 926 QLsERANBE bt B8 YeRIRGL SRy I QR erangpidii 70 A o the
medizoposxdiamgter.enper at ures may reduce TAN and/ or C5

asiﬂlaﬁl tene cgontent in a crude product 64 relative to
t he P ARPRRA® Wrangizates;ths prparatien o5 a Cotumam$ catalyshbaingd pore

size fiseibution il 8L Min B8 UhmetkVHhe fdis AGoRINt of TAN

nd/ or asphal t ene reducti on, any, when the fi r st
2Jilar P : i ec Malvbden ;

ST At e S OHEHEL o AL Leagt 230 &, |
prepared inthie Holldwia g nainvér, (Fhe AiFing W ' ibed -
. E)gla/ i ncl ude ofgher cat al yst(s) ; escri %%gfg%e@ﬁgescnbed
in Exaniple 1 g ipregnajed witharmelybdenpayintpeegitiorCsalntion.hEhe

) £ : .300 .. Cont act
o BRI AR Bebh e W man g et
(NH?]M#O?; ;688 gesnas gﬁﬂoO@,_ﬂdIZﬁ%ralfnﬂ uf%df%;l-ﬁ@,'t %f.z? r,]ge&n% ﬁp

l e . © ur rror to_contact w e other
m°n°€5l%§P£?§P?€wF%5= 406- S of Sripaieed wefep briormeg st The slurry
i  TAN: | duct i 0
e O o P B AT Gl R R Rl ¥ edied
roomgepherhtuen eEher i of theaoltion tWae SSEEHe stREon Ve BEndiada jtll%ced to

i.r.st,and second contacting tenperatures are within
2m .W]m%wﬁﬁ%-l imiting exanpl es of support

DI hind Qup ot b SR I
_ with sel élpt P ar(rqgggta#@t%&g?ﬁé% a %?@H}Hﬁ%m@g"%%ﬁlrped
impregoatiactolutipng agedi for ® hours withsRtadicial Roitieh OdtedaATB o€ fhr
Pr.epar g%cl n of a Cat a&Iﬁ;%:t Support. A support was
sever?)lrhggﬁsr ﬂg@n Rilried gt 4 & for drhourst Thewesuitng @talystrcontained
0.04 %ﬁx@ﬁ Ibg glhﬁrbﬂgxm %&hgr%'n"% cgtsaly%f: 'WIM tﬁg bggﬂ]ce%éigg support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m*/g. Additionally, 67.7% of the
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US A) with 585 grans of water and 8 grams of gl aci al
nitric acid for 35 mnutes. The 20 resulting null ed

m xture was extruded through a 1.3 Tril obeTM di e
plate, dried between 90- 125 C, and then cal ci ned at

18 ich.resulted in. 650.9ra of al ci ne
tots b, Of ek in o S flstebnP AT thosodBat Gobiyg had a pore
diametet Witdith $6/ART ke MBdaPhae Athrhdlerd Li ndberg furnace.

The furnace tenperature was rai sed to 1000-1100 C over
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1
AN

ribution With a Median Pors Piameten ofAt Least 2204
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molérggftﬂﬂmmqa&%m Fenaiop splutien Brvowed aqfalles. dofisst sefptios was
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hydgigen petoxidedfl;08), 8114 Igeams oftBénoktimndlainind QdBA),aind| 3e28sgrams of

.0.1 f th ina. 65 Ex le 2. Preparati
ceicgied WylFEiertenn BARAYy T SRy P demoRio 69 56 BN LEITBRHGRRS the
solidl. U ThePhdAd| BBl whas ChbABR i oot teéﬁ)ﬁﬂaﬁ.ﬁét 230 A The

vanadi um cat al yst was prepared foll ow ng
marh é¢cond kelutibm wasisradel by corhbinpiigehsT grnis\of W@S@pvithd0 grams of

.desqgri bed .i.n appl e 1, was.inpregnated w.th a .
iR 1116 ) AIEGR A0 S0P B SRR GOBMpias S Brsmciegt
deiohif8 veHte Wasd dMR0Aing thdcFRbidbPEGIuRin FiuRB up 86 8981196 yield the
ll%g of the solution was 2.27. The al um na support

A .
molyhdryupy/vapadiumyigrsegratienisabition. t Fhe alummdiveaniingpegogted widvthe
' houns.w th lonal..agitation,. .
molF4calyhi iy R tmffen B O i bl BE 3053 e S Bettion,
dried ot #B0°(Cidraevetalltoufss andiifien tAsikd ANMBOCT Rk ¥ HoukO MRirfRMting
0.04 grans of 10 vanadi um per gram of catalyst, with

catalygbe ¢tk peapmpi satalyst 0.02Erems afvatedivcand. 02 granisad

k: ' [ [ ' Lan re dianeter
molfydigf, i Snbdlce B 3ot "0 ABGL A RRL Soalih i bac o
poressizedistibitiéh with g media gore©diaheter 0680 % of the total

numr of gé)éaqes in the pore size distribution of the

varlal Smpla damanstrafssiths Pipatation ofe (olump pansial znd & Galumn 5
metilréﬁt | ' it 1]

el SER ik PR sfe ATBion Wit X R4 BERY Garnetor of at foast 23.0
A having a pore size distribution with a nmedian pore

oS! a5 roG i AT G PSS o
cenﬂén'l?r oditiRell BTl WhPERtpped Witk herhRRSE 13?@ ShRE

no I3deenum cart al yst was E;E)r%eparedei n th% ollﬁ%a\l/vi ng
tempepgiies thropghout 8 eatalssthedpdhe cprlypthed dvasyfotnhe brefilling the space

betwiEs e tR@rﬂmwell and an inner wall of the reactor with catalysts and silicon carbide
(20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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20 in Exanple 1 was inpregnated with a nol ybdenum

i npregnation solution. The nolybdenum i npregnation
sol uti on was prepared by conbi ning 4.26 grans of
(NH4) 2Mb207, 6.38 grans of M3, 1.12 grans of 30%

or ke G PR D48 theFarior s PP e AL oagr © B Bgtom of

the Y&otd? € 81lREn tabfife wasdkitioned &Stﬁé bt of thelrBRAG 'sé’r?e as a

The heat ed sol ution was cooled to 25 room t enperature.
bottpmasqmoz@f At hpstorpeagalysfsilican carbid: miRtere {42 cm?)omsxmlsmmed on top

of i SHERLUEYR i o ks ke 2o g BBt oot a pore
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poresjin the pos size Histritsliosibawag awonsdiametes m@m&&oftbﬂrmedmn pore
ciab B34, TSR Bt OB 0305 e B SREE R 0025 srams of
mcmpﬂ%r&nmﬁeathlysﬂhﬁth mebaamrwngcm allinéria dappbre pOr e
Si z trlbuth wth _a nmedi an Eore di amet er of 250
/‘g mlﬂ@? satglystisticone carbide mpayng (S pa e positisacd pr topof the

bmt}’%lﬁcpor es %ﬂ%ﬁél por éhé?%lgzd& E{%t?rlfgoiop ?o?ﬁ%#@écﬁé céjch‘l[}gﬁ:[adap ore
Slzard;m}autmmmﬁln:d anmldmtpokmdiamem bﬁ 08 di, &n&t&ﬁ?%ﬁgfﬂienoﬁﬁmﬂnber of
e nedi a anet er. i s exanpl e tra
porghja R Rt fisfitufion hesihe ot Siansler BAPIN oA e Mgtian pore
diarR@Ee mez;ﬁldalesaawg.%bﬁ&nw b@za%&ﬂagbﬁﬁcea lafid 'Oﬁ'ﬁ?fhﬁioief
at least 230 A anpl e reparation o
molybrdapyaenen gravmpbetital st Catth thyeshalange beiggan Iahmanésstzpport

23 or Ul ebit AtiF baRule (ol B Ko enedm B tpe

- midile cohtactig Zoneite @rﬁﬁ@frb@rconﬁbﬁn%idﬂﬂ 'The t6p'EHRAlYt had a pore size

repared by the nmethod desc d in Exanple 1, waSs
stilbigiongtith 2 Brediappore d %P%@%I:%ﬁ\aaﬂ sentaine ngﬁ&ﬁ@ms oon

oS B 5P s A i

suppporains of Mo(B, 0.56 grams of 30% hydrogen peroxide
TR MM RO

and Wé‘er@@ta%ﬁel‘i&t S6neC TR chialyit E&P%H.@ loQdedCintd J‘Emdﬁé}g 'fﬁﬁ‘lace that

. _The heated solution was cooled to room tenperat
included divg heating 20mas WSMngago tho pivhedtrzgng, thertogy mnkﬂc; fand bottom

contget Wl Do d e, ﬁﬁ%sgg 5 dei oni zed water. The first

SO :ﬂl on’and se ‘i on were conbi ned and

s ufThe catelytts vited aifidalbyatedudas agdsteds ircttel 0T Joh% hydrogen

onbi ned sol ution volume up to 82 m to yield t

sulfide Py AR el biagho gasiinp ﬂmmﬂc@ng gonestt opate Vb élt@'mf igaseous
nnx éé@ﬁgglﬁ%g@@%f\@fftﬁpca&ﬁgst éé(]ﬁ% &gﬂﬂgﬁlgxgﬂw onnted as part of the

volu(hlmaﬁkmalyat) Jgivipatanaes of tgle b@ﬁicgglggbﬁe@vgl@ Enc&eased 9 204 °C (400
o ou i ned_at for our s

F) GEE b P Aot 208 0k Bt odier heldimgias AT Ceth awyasting
zondd wife BcABSedQhcréRRAGIY B FWRO 08 8§ AFratd of 10 °C (50 °F) per hour.
The contacting zones were maintained at 316 °C for an hour, then incrementally raised to

370 °C (700 °F) over 1 hour and held at 370 °C for two hours. The contacting zones were

allowed to cool to ambient temperature.
Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an
oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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nmol ybdenum wi th the bal ance being support. The

nmol ybdenunt vanadi um cat al yst had a pore size
distribution with a nedi an pore dianeter of 300 A

Thi s exanpl e denonstrates the preparation of a Columm
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distribution av:ﬂwiea pore di aneter wt
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0.
gr gﬁne lcqj cat a{ caq kvteﬁen%%%mg%d%%&@gﬁgg gage bed
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time Z6t@nfabtifd A brud8 FELASHIRE fhe top, middle, and bottom catalysts. Over a
majority of the run time, the WABT of the contacting zones only changed approximately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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and to serve as a preheat zone. The catal yst bed was
| oaded into a Lindberg furnace that included five
heati ng zones corresponding to the preheat zone, the
top, mddle, and bottom contacting zones, and the
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_ofsﬁﬁbh@m,der atio of hydregen gas to the crude feed

provided to the reactor was 328 NnB/n8 (2000. SCFB)
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ord3 0 ¥ ok Sia 2B PR LAGE  bbie Wainfie yithin 70 Kot fhe sfan pore
dianmeterd dhertoploatblystanalutldd®.03 grams of nickel and 0.12 grams of molybdenum

per gram of catalyst, with the balance being alumina. Silicon carbide was positioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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20 content of 0.0075 grams, a residue content of 0.255
granms, an oxygen content of 0.0007 grams. The crude
product had a ratio of MCR content to C5 asphaltenes
content of 1.9 and a TAN of 0.09. The total of nickel

an ' . The |ives of .th |
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' T T 4 Distribution
]iixaﬂWI fel. a@ﬁhﬁﬁ'#é?@d% ;'@efd Wherdo E%kelxég Eg? Feagtor appasatys
(except formambenatdrontap phcattacsing eunsRicafabysts, (R 6@ duct Reparation
mthﬁ@,?te t_of c%ontlacti ng zones) cﬁat al yst sul fiding _
e Gk ’prﬂgq td gps,g@% 58 yptrpéﬂfi Bg d wire thecsemgag described
in ExaBiphosl of anal yzi ng the crude product 15 were the sane

as described in Exanple 5. Each catal yst was m xed
wi A rugle feed (BC-10 tmde) havingsthe propertiza stmearizdhia Tubled® FIG. 10,

fl th t f t t f th
vias (o888 e 6o e IOREigt s i G v losvectiyoueh e Brehisat smeviae
contabiing Bshef b&ttonb Bbrit&MnkLohRnd Boldl sﬁﬁ’é&rpﬂfgﬂg réEBt%P.eTIg
he bottom of %e

Si.licon carbide was positioned at
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the reactor was 80 Nm*/m? (500 SCFB), LHSV was 2 h™, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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20 catalyst/silicon carbide mxture (80 cnB) was
positioned on top of the silicon carbide to forma
bottom contacting zone. The bottom catal yst had a pore
size distribution with a nedian pore dianeter of 127
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0.50 grams of gamma alumina per gram of support.
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a crude product that had a reduced TAN, a reduced
Ni /V/ Fe content, and a reduced oxygen 20 content,
relative to the properties of the crude feed, while
resi due content and VGO content of the crude product

or IR ED, op paralriaed MoLE R copalt Sl aieRs gopida ivtre
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Supp%{gtygen, 0.376 granms of VGO, and 0.401 5 grans of

residue. Additional properties of the crude product

ar & bBkbéehuni cAtalgbesilicontarbide mixt@e (Them® sRioned in the top

deponstrates that, contacting of the crude feed wth
contpqigzane . {agmokbdanym catalypt wasjbe same aeinghe topj gegtacting zone of
Exaﬁlgleq;_range of 90-180 A produced a crude product that

had a reduced TAN, a reduced total calcium sodium
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in all contacting zones were 343 °C (650 °F) for 500 hours of contacting. After 500 hours,

the temperatures in all contacting zones were controlled as follows: the temperature in the
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to
366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for
1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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the bottom of each reactor to serve as a bottom
support. Each reactor had a bottom 20 contacting zone
~and a top contacting zone. After the catalyst/silicone
carbide mxtures were placed in the contacting zones
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Exanpl e % n Exanpl e 10, the nol ybdenum cat al yst as
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contacti ng
percentage, of crude product (“R”) versus run time (“t”) for each of the catalyst systems of

»

Examples 8-11. In each of the four trials, the crude product had a residue content of 88-
90% of the residue content of the crude feed. Plots 156, 158, 160, 162 represent residue
content of the crude product obtained by contacting the crude feed with the catalyst
systems of Examples 8-11, respectively. As shown in FIG. 14, the residue content of the
crude product remained relatively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A API”) versus run time (*1”) for each of the catalyst systems of Examples 8-11. Plots
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Crude fromthe Mars platform (Gulf of Mexico) was

filtered, then heated in an 20 oven at a tenperature
of 93 C (200 F) for 12-24 hours to formthe crude feed
for Exanples 8-11 having the properties sunmarized in
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oxy%é@%ﬁrﬁmﬁs b r@éLFceél sSb& el @meeno?k cai%x&h@corg&%ng ofkanic

I's agraphlca represe atlono ue o
'oxygeru@mnmtmdmct (" P) versus run time ("t") for each of

20 oG iRaRelS] 1, 3 B udReRTBE 371G 200, ) e Bipksic 45 Mpa
(mmrwi pi%Gmd @Hﬁtﬁﬁ@ﬂ'ﬁydh;g%n?o ¥Aldd el 0fi16 I\%M@(ﬁ)@orycq%} Che

obt al ned % contacting the crude feed wth the four

redycgion of erude fesd MERspNtEREWES E55 va% based opdht welghyoftbgcmde
e R0 Bl D35 401049 ), e SRR W bl RS Shen o

crucﬂrﬂéﬂ thenrefxaion!of cAitle fééﬁEMER/aiﬂﬂ@lt RS 28.360ues, ibaé_bdfdhr the weight
nost he run tine. At the end of the run (2300

25 OfWFO%P@f;)}eF%r Exanpl e 11, the P-value was 1.4. Fromthe
f29¥ o
YAl B RS 0 ) e TR

t hat t
(10}4e7 psi), ved g rattoadfl hydrhgei tgcmde feedtdfn 60 m?rm%qmoo Lse:FBg,hae

G5 58 e RIS, BESHAL B o et S S
ol S HLRSOEIC )09 A A g
30 crude-feed, the rstﬂ:mt@agé q:ude feed MCR content was 19 wt%, based on the weight of
the crude feed.
This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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FIG 13 is a graphical representation of net hydrogen
upt ake by crude feed ("H2") 20 versus run tinme ("t")
for four catal yst systens in the presence of hydrogen
gas. Plots 148, 150 152, 154 represent net hydrogen

gg:: eg? o’%‘i‘i’ll 3 e‘fj %ﬁ@i@ﬁ tgﬁlglg(gfol%éf%diegg{ gletgf reltaplvely high
TANGIRDECS1 0/8) with bied oﬁmsfqueuymgsrameb theterudd prd@uéiettlile

over a run time period of 0 hours was in a range

maiptainieg the zrule fmtbﬁﬂl prqdegt 1811@@@ sROHRY andwithirelativels smla@net
hydfogen PPy SIaied SHAC gl oblb] ol ! st FOA ot safit

progEraed b fne cme@feea ewhidd S&éﬁéﬂfprbﬁéi‘hékkﬁ' t86 Budd prodiPweeSeithin 20-
I n_wei ght percentage of crude product ("R') versus

30%95@@%%’@%%9 thegzededeed.he catal yst syst ens. of

o SRkfital, b shdvh AP0 BOF of B aidel fiductd s SbEd with a
net lllggb%mtme efude M&dg bﬂﬁignéa 4d Nb'/nd fZ'ﬂSﬁ@CFBﬁ 8Such products
represent residue ent o the cr

had 3p gyerage TANGL AL nast4 é&fmrpgfgfeeﬂ@:@mwe mﬁﬁv {chatent of
at nﬁﬁf Gl % DF thestbfﬁf ﬁﬂ@’ &1&1 ten PR Sfuds fdek, whitd pféﬁ% ¥Slg/a PA%lue for

hown in FIG e residue content o ctude
the prudd feetd of ahtwerﬁe dTheedvarage ed:s;ducmnateamf ahoh cngle product was 88-90%

of i e EGtira B el i 2t T wieneB O Rttt grge product
wast 18- 0Ir79516S thE YEUS bontbrmtdIAR crhde/ ﬁéé U¥hé H*Fbrﬁ%e‘m‘PI gﬂav:)ty BPéach
each of the catal yst systens of Exanp

crudeqprodurt weg$10-168% Of tee ABbgravityef thplcnglcefwd, ywhile ﬂnmescosny of

eac%tﬁﬁgpﬁodﬁczv?% FHA I ot e%@%‘éhp B byip et o | oo
X4 -3

E Poﬁd‘ sﬂe

H tiro eh @oﬁs ﬁ&i eﬁﬁ%ﬂﬂfﬁgﬁ%{/ﬁf%f}%ﬁﬁgmﬁﬁb ! pr%egce t gorI r%]umber
and zontenigd chntactii@lzoned2edd. caidBist sudfiding m;/ethurd, tibstotah popelucs
110-11 f the API f.the crude feed. EIG.
F e ped pien spidediilint Foalvsin Wese i o i dsseribed in Example
§t§ ek mHRUHth arP LﬁPﬂiIﬁﬂ@ of Sllic\'8arbidedThe Eﬁ%%ed flow
versus run time ") for each of the catal yst

to eyghsne@mr was fromithe top og ﬂmeamrda gheytratton ofithe reagtor Bgicon carbide

HERELH: o7 U SO Nl 1 B Bty RS Bt reactor

conxaaiealoms toty@ingnef ARxanp kaalySt/siliconercafidciistaley wekaglaced in
crude product had an oxygen content of at post 16% of
the gopdacting gene efegeh repaion stlicgae cbisigvas nesiionsd o ippad the top

confiPiiEiine 60 AT e Rllo el e brpitid e B R ih A Rach
reackd wasHeadad yigge [amdtteeglfumécetﬂlm imtudéd thige helatidg Zomemcoradponding

to the prhoal g GF 23}5@&?@3"’%3@&%2@%&? 53 et e Sndegred wes
confabted %ﬂre‘aﬁ’t‘&tthg e relﬁa}é %ﬁégﬁlﬁ{ﬁ%%ﬁ oly ganl C

oxygen conpoun e “cont acti ng.
Si rfc eatdlpeysilicon ahrbider ratiinare 40 cm )hmqmsmoaﬂbbmmp oftthenaltcon

carb&cf%tpg"f B hg%altrﬂltggtmg:zonee%%r Examlgllg rl& tgg cgtfalyts \was” 2%31)1(3/41

catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum

catalyst as prepared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
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oxygen conpounds are reduced sel ectively over the
non- car boxyl i c contai ning organi c oxygenconpounds. 20
In Exanple 11, at reaction conditions of. 371 C (700
F), a pressure of 6.9 MPa (1014.7 psi), and a ratio

? Lemedég' Eln%nﬂg{: crlﬁﬁgﬂgeﬁlgq%{%ﬁ 0(3)11% &P}%.mgen

10 t]merade ﬁedpmldm tghlie rehctbhwas 1 600Nm>fe’ed 00NSCEB), LHSV was 1 b,
eratur % 23 C (750_F), at the sanme pressure and
andrpa? Eredv%rﬁi% Geh0147 pel). Tike sontapting geneseyerehieatad grerementally

0 33545 1 oS S 9 B o o

run tigweodfi3éA hoursdi ti ons of . 371 C (700 F), a pressure of
. obheobb e B oS e Pt v
Exaﬁfplé:S URRt hRBS M Btke Pﬁﬂg e aé'[v'éasvﬁ r[nlf? 8%&5:@%1}&

ht of the crude enperature of

SYS‘fems Example 2huetdydmgon aptice srasalD.7 M dmd(-65 SOFR)emdtthe crude

o AL 8 B B AL i B 22

3.0 Mo’ (28 0B R ICFBY Wal i cride ﬁbﬂﬂ& hfa&%drm 8 c%%rﬁom 0.3-0.5.
denonstrates that the uncal ci ned Col ums

In Examplest4; during eantacting of thetcaedenior] whtthmotmgmnn/amum

cnlE 1 SRS 8 DS o R 01 TR 0

scmmm e S@FB@,tandftheacrawﬂ@dﬁaﬂﬁdw TANGn & ehridlel frith ¥.200.90
glétp of 0.8) with one or nore catal ysts produces
%eﬂ hydregen upiaks %aluﬁﬁeﬁwau‘:ﬁnﬁagnnga é was astimated that

hydfo%@ﬂj Wao Eéﬂm&&? ¢ rdid 5{11'5 PNGAB? L5 i) qﬂngbo tagting of the

rélatively small net ydrogen u

crudgfeqd and the mﬂnme@takme Geineratioh ofB%rogeﬂ dh&ntgaimtaﬁnng allows

t f th de feed, whil |
tess B85 fod b e B it beiof i drogen usdd of
con\tehﬁoﬁealiﬁﬁ)déﬁs&@ﬁf ﬁﬂ;ﬁ@vé&ﬁrob&ﬁééi"cﬁ@adfv&lﬁg ed084ds! 18Ry Ecgmemcnt

as shown in Table 4, each of the crude products wa

for lﬁssdudwen dpring %Pntm@ng itgndls deydecrense deccoists of| lpeoccsml!@a crude.

had an g’m@ a4 eﬁfrtAlﬁAﬂl?an%fl g?%g ﬁ’b}ﬁ cb)ﬁtédsuc : T’cgl%’a‘ catalyst

prodamﬂ @acrudy prodge widi 2TAN (it wedloert tih tAOTAN sEé cRESDRIduct
?‘H{f % Nld[\/ %gntent of the crude feed, while
prong AP the i %Y“bl mohibd F’é}i‘ncﬂtﬁb’sbrude feed of above 3.

-o O

M@@M ﬁanh mattonﬁpmmths @eijﬁ fqn"rmnhhbt andvedutent of contacting

1.15- otet of the cr defeed The
zoneg% g?c Sﬁl? @)nto t3d prRsuctiep 5 aratipn wsthod, and each

crudd ﬁibdihaﬂa%ﬁffsmt\%@e ﬂB |sa191¥: %H Hééénﬁéd H‘Ex 99 EAQP%% %v@re mixed

. e viscosity of 15 each crude t was at
Wth&@%@ﬁalﬂ?ﬁl@ inageobuie mtioHf 2 nnertmudm éaa'hldc t&EX paytlcatalyst unless

otheé%' Al ;'éiic%%g.te i Clone ?eegrfijov? toFga%g rea\é\{or wac%rom ¥hséttgp 'c;? t\He ?gactor to

the bottom of the reactor. Silicon carbide was positioned at the bottom of each reactor to
serve as a bottom support. Each reactor had a bottom contacting zone and a top contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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Distribution Wth a Median Pore Di aneter of At Least
180 A Wth M ninmal Hydrogen Consunption. |In Exanples
12-14, each reactor apparatus (except for nunber and
content of contacting zones), each cat al yst sul fiding

LindFere Ricpec ) s Sy e Soned BB6r Bonia TS 8 el o, e

twolcBnaKaigioRes, and M bot@dhoduyppbs. vvere i xed with an equal
vol une of silicon carbide. The crude feed flow

eadh eachaxample,the vapadimratal ys was praperedas desaribed i m Bzgample 2
and% d{\ﬁl@lglfta{dﬁﬁmﬁ?lac%{a‘f of. Silicon carbide was positioned
o]

om o Teactor to serve as a bottom

s Ui Bkhmplealsh an edditional caelysiaiinash @tsde arktans (45¢nfpres
After the catal yst/silicone carbide m xtures were

posifipaeddn thebottom gentacking zops, ﬁ’ﬂﬂt’@ﬁ additiona] cptalysh being the
ol Bt A o 8R4 0Bt e
catalystiiiednezartidé mixtae!(15 emCiveds. poEamhed frethe top comaxting acked
o EReplE e RGO Gate s Rt o Rkt a0 e Was
posxﬁeﬁ&ﬁﬁttw&meonma tBfe, At ME4RBAA catahREGRY B

was contacted W|th each of the catalysts |n t he
molmbcbsmtawst pxepared by themethad desaribed IinExamplb i3c Grhe vanadwm

cusfF P Sesb it op 5 VRS BiRib AT F SErRegl be
Ex 3 Bk&mpIR. 17, headifi aiaY SitalStssilidte HERARE (B0 cnd’ tndik )ssgmarsed in
prepared in Exarrpl e 2. For Exanple 13, the catal yst

e bpttom enataehing Bores: with the additienal satalysthring theimolphdarpmévagadium
oot nph R o opiE e ThEt Bl Sua ilicom carhide e (30 o)

- was posifiteedda nhedopicogtactiidneons for Exanples 12-14 were .

oy 3 Frrne 48, Birers {otes Vo Gerporsion. iy Yo (Girk) beads (30
cmﬂ-ﬁl%!p\’ﬁﬁoﬂed‘incach @dﬂi‘ao‘ﬁhﬁ%ﬁl{e was 6.9 MPa (1014.7

The contacting zohes were heated incrementally
t 0 Czuda {Sate5 Basin, Bragil) for Paainphes d5-18i hmugrthe pmpnms sgumarized

in TR SeFIC 47 Sfas St B¢ obrthe foab @ The Cuft Poety ied atugigh the
prehéB20né, PR ERItEHing ZolE %&bl‘ﬂ%ntaﬁtmf—%ﬁﬁpbﬁi Eottoﬁe bup é)ort of the

hydrogen upt ake during contacting was determ ne
reacosic ffhe grude fepd was\contagted withmsaghef cmtalmmnwpr@g@ne of

LA, €8yt Lo i R 05 I 5 oo
gas mrlhakmda\mdlpmmgddcbmgge {eﬁam Qfa% IG@N&;ﬁnNﬂEOgSCF_IB)A g.)r the ﬁrst 86
hour& ang 20 ?1‘{%6 ?550@(‘5“%1) fphth%%ﬁ%m@g%ge ﬁéﬁqdﬂ E«Hégfnwaﬂ hngand
presﬁfre Wﬁ? 6‘9%1@3 (f(ﬂ%?r J hI‘Her?:Sn %%%HEH Wei’é*l%?éd‘iﬁbrementaﬂy to

cat al net s In range
343 20 (6)‘5) ﬁHDrﬁWrBt pamoﬂ o ntxie&hdﬁaa(int@uﬁ& at BOFE for a4oﬂl f@FERNe of 1400
h and the crude product had a TAN in a range from
OUI§: 2-0.5. Fromthe net hydr ogen upt ake val ues duri ng

COMhaglekfiples deBseifd hiftoRfact HP crud® feA HiB0e Lot 5 metal
gener at ed at the rate of 10.7 NrrB nB (65 SCFB) during
catalygiasiingiappre size Histribution with a median pore dlameter of 350 A in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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crude feed and the vanadi um catal yst. Generation of
hydr ogen during contacting allows |ess hydrogen to be
used in the process relative to an anount of hydrogen
used in conventional processes to inprove propertles

f disad 4 The. t
to o S BRPERAT R St e, SR B maoredipy 3oy sma
hydedgeRnPEks By eruds fsbd waAQbiddéd. i onal |y, contact of the
crude feed with the nol ybdenuni vanadi um cat al yst

pr oepseiisally.cs shewp rlle@hl? SuFKCh 12, thaxridedrodyet hassBAN of at most

159 b eI BNt et i RRL1SL 7 PACHGEAEH bldfuced n

Exﬁ;msam-l’béacfh lﬁdladetaFNW IIW donteht Hﬂﬁlﬂﬂbstm%;lhﬂ by gdenandtent of at
an__Additjonal taly ch react or appar atus
mogt 50¢% gnd ViSEOSHY maﬁfd’?Sc/o atiye to the-gmerpperties ofhe crude feed.
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separ |on roduct
IOOah}SWBfmc\HfI@a\h'qd‘ahecmde&ed.crl bed in Exanple 5. All
si,l icon carbide in

t t d |
" 2P OB B Fride Brductbrogu oo capic sadfiops (Example
18) pRddRIS&d a gfdﬂlﬁﬁ'é’\ﬂvﬁﬁ jcheAsEPifDsity B8 §éréiRed APT gfétvg'}‘l"rélﬁtéve to the

each reactor was fromthe top of the reacto
visdosity and API giawity efithesrudedetd. diromche i;iou@swhmsgmsy anddenteased

APl a8 B DS B e B i ity o Be i e fcd

wasdnitiafedcont acting zone. After the catal yst/S| [ cone
carbl de mxtures wer e I aced |n the cont act i zones
azeples 1., Conts p Heetbat-Yavious qqngw

tipg gystems and
the {:ﬁﬁg&fs »Jeﬁ?th&%&n@ gﬁﬁ@s{éﬁb&?m%ggégﬁf 'rhé Bﬁ)@?&e&é@ﬂﬁ%ﬂ%eds

erve as a preheat zone 1n rea
are listed iroTabl@ 6 i BEGlEl8. i THearoatadting ¢onditiong wWens axofotlotviah ratio of

v b R AR Pk SR L0 R on s,
preéeﬁltetvve[@ 6CORE% (10147 pSH! %d%&ﬁﬁ%ﬁ:e 6i'1ﬁe vanadingPonéd @ésvﬁl °C

prepared as described in anple 2 and used w

(7OQ ﬂfé f@d@ﬂ tatalrath tm alhfsw.mp& 1% ﬂ@ddﬁﬁVelunﬁg cantacting was mcreased

ove S0 AR B L1 AR A T ol ) e

LHS Vievag dhitirédsed & Z@ahﬂ|a.‘v£§ naddRhingd 4t70.7 nﬂo&%&m cat al yst
prepar ed by t he met hod described in Exanple 3. The

varf&ramplecty, thearudeprofue yeas aplisradeto determing 1(&18, Gpappity,
denffy> VRRS bipERP esldle LBfteht RGBS coNing B8 cob SIS meal

salts:aslﬂoﬁgam aalgs Paring nhleltumk peFloﬂhmgbl&lb msh\c o ailCIZblinaﬂctxﬂQO Jut
W t e _additiona talyst bein nol y

AVﬁ&%&eéiﬂi}vsf wrtgﬁa@a of e cﬁ‘ié’tel%%d"d‘%s@é? S jonl %f%@;ﬁl@ 18.

' Arsfk%o%fiﬁ@bab’l@s ‘F?Gaizv%{e/ thde (188ucd %l%%ﬁa l@ H%cﬁa feddced

positionéd in the top contacting
TAIEnadrp tr@iumed vmmsagrdelailvmml tha:’ﬁAN arsliths wiscmmﬂymf lﬂnmdrudeefeed while

the &?Pﬁr%y%mg@qa L Oglgzg g,gtf TE%P ﬁ;‘%l?q%ﬁf gravi P e Erade feed.

Awa%ym@wmmmaﬂt B A uspiRflRhesdonfit RaERAERE 115D Th f th
4. The vgnadl um cat al yst/nsn I icon carbide ¢ Sim oL He

anpl e
MCRq opnignbandl0s asphaltenes content was reduced relative to the sum of the MCR
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR

content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a
tendency to form coke are being reduced. The crude product also had total content of
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was positioned in the top contacting.zone. In Exanple
18, Pyrex(r) (d ass Wrks Corporation, New York,

U S.A) beads (30 cn) were positioned in each
contacti ng zone. Crude (Santos Basin, Bra2|l) for

potsifith sodivB, ey S ey 4F abTap RO 5P CORLFoPEiE phf sare

meﬂ}.eoqud%dé ¢4, fTheWafridBhRHOLY thd rudB pESIRRE waPE®RI0%UT the sulfur

contacting zone, bottom contacting zone, and bottom
condenp pfthte apidetfeed. react or. The crude feed was contact ed

hy PRy Rand B8AGRMRAR' dar daptann b RGS oRh by sopprolled such
thaﬂ@LHsaﬁﬂﬁaigh%cont@th z6te B gEHa0g @hn THS! 19 c«tnhga:@d W& process

feed provided to the reactor was 160 NrTB/rTB (1000
ﬂm@@@) HBV of idi’s ta prodwe cralepsodusts; ﬂaodhe ability to

With 8i
selffyBY, chlied A\oRGIPM N Al oFF afIFhlR Houdy ShAct Fe1odialls breter then
10 Kb answmeoheeﬁ@bmmg bpertored & veidds foeaﬁébdl%)zmlenve to
period of tinme and maintained at 343 C for a total

commmalwvaﬂabimwselhoeﬁmaﬂww@ siza mnyeallogetig frsptmenpof
dlséﬂ%ﬁag@&ﬂﬁés t8fbe§e1%11ﬁge% Jl?ﬁglgl (%1{131 s?ﬂtlﬁgpe giﬁ me | agfor

avi ng ore si ution wt
exapple ocﬂfshmtfmlmés) 350 Ain conbination with an

rlbuplon‘

...-- !

con&cuhﬁ s&sﬁ&n?ézﬁfﬁ@ Eﬁalg %veﬁ’é( ﬂk%ﬂﬁ@ a§ BéHcﬁEed Qf E’:E’dﬁﬁﬂé 6 aThe crude

crude product with properties that are changed

feed bmang the proparties listaden fi“rabbe’fr iniF6. &9 was added tb dlaaitop wi tHegeactor

nts ot her propersies f the
andPipctelh Y o9 cafBis i B IR0 2o@lin AR fL b ResBise of
hydr nQb PeRivce & ruddgedduc DB two cdtifabfiflg RorRE ®sd Misbrated at different
atively small ~hydrogen uptake by the crude feed

teﬂmﬁ@“%%erved ‘Specifically, as shown in Table 5 FI G
AN oitsilg ¥ RbAEho B%eoftall AdncRer S holob SV B 117
temmexad.;re lm;then?ml coeatting Z&@?B%ﬂﬁ@ BOTF); eagﬁho bﬁﬂychogantta1cruc1e
Vi 0
toedpias 1 SENER 0 CaSGRByGRR pyestire afes eV ERIO LT Bithve ¢ o

t hecemaRiny QREiibhEM tRE béthkin oMERInESBHe weROMN hilowa! LMBV was 1

the crude products produced in Exanples 15-17 each had
h™'; sempezatugg imthe hottm carpecting3vnowas B AP(609 R a satieof hydrogen to

eruf 68 S 100 Nl 100 Sy B RS W @9t 75,

pr oTikcRehl radtubchixited et ttonCdoRtiRalg ¥dreCadi was idétuced into the
decreased APl gravity relative to the viscosity and

igyphase ﬁ%Patﬁ“’ft He thergasdigpidahasqyepaatorethe fetakproguert was
t I
ST SR M I N Y OM
dctdrhﬂe:TAN&xfd@;Chsph@tﬁn&smohteat ed Exanpl es 19 Cont act of
%ude Fe aft arious, L The contact Ich s&l
andverage values for the properties o crude product obtained during the run are
listed in Table 7, FIG. 19. The crude feed had a TAN of 9.3 and a Cs asphaltenes content
of 0.055 grams of Cs asphaltenes per gram of crude feed. The crude product had an
average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs
asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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15 the catal ysts were the sane as described in Exanple
6. The properties of the crude feeds are listed in
~Table 6 in FIG 18. The contacting conditions were as
follows:. a7atio of hydrogen gas to the crude feed

prowdedtothereactor s 160 .Nn8/ nB. (10Q0 SCF
P hepial centénd S6bayasH R gid Sodim ih T dHode s Aas gt rost 53% of

thé'$hnfOmeral Viﬁ%hé&i!ld@f eﬂ7Qﬁ FAN 6F the RfudeGraduct
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relafips ot P RIOF the Hl s oot O i dtdegbroduct
frorf W%Efe@ﬁﬁh GO hEVHLy BEIRtRE cludd Tsedkofal ¥f55§ct§ﬂﬁhﬁ% stabBity for
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Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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feed having the properties listed in Table 7 in FIG
19 was added to the top of the reactor 15 and
contacted with the two catalysts in the two contacting
zones in the presence of hydrogen to produce a crude
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be uh@RstoSi HRAE tHe TrBdsRhyRiventith shownu:debdribéd Wefeid alt6 be taken
tenperature in the_top contacti 8 zone was 260 C (500

as G}FB?THBI;I?B ofpnphpdimenty. JElsgsntstand mat map be selptijed fos 07se
illus g\‘leji ang:g%%%giggé Egrg’t)n %ﬁtdﬁ.ngr ?&?é%e? r%\ﬁrgbe} Eegeljg/g al%dl%ﬁﬁ.{ n features
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t he botton1contact| zone, was 315 C (600 E aratio
the a5¢ affsy davige the benefi oitbisideesaiphs of Bis IRHETION- (‘313@9 squayye made

mth%ré UC?S?’GXI‘[qb%ﬁ%ﬁé-n T?‘Eoné‘%ont q:f[ﬂlzg zc?ne an %B%Ofthe

invehﬁmﬂm&dbe&mahdfmﬁowﬂfgcgamsl i qui d phase separator. In
the gas-Iliquid phase separator, the total product was
separated into the crude product and gas. The crude
product was periodically analyzed to determ ne TAN
and C5 asphal tenes content. Average val ues for the
properties of crude product obtained during the run
are listed in Table 7, FIG 19. The crude feed had a
TAN of 9.3 and a C5 asphaltenes content 30 of 0.055
grans of C5 asphaltenes per gram of crude feed. The
crude product had an average TAN of 0.7 and an average
C5 asphal tenes content of 0.039 grams of C5
asphal tenes per gram of crude product. The C5
asphal tenes content of the crude product was at nost
71 % of the C5 asphaltenes content of the crude
product. 80 The total content of potassium and sodi um
in the crude product was at nost 53% of the total
content of the sanme netals in the crude feed. The TAN
of the crude product was at nost 10% of the TAN of
the crude feed. A P-value of 1.5 or higher was
mai ntai ned during contacting. 5 As denonstrated in
Exanples 6 and 20, having a first (in this case, top)
contacting tenperature that is 50 C|lower than the
contacting tenperature of the second (in this case,
botton) zone tends to enhance the reduction of C5
asphal tenes content in the crude product relative to
the C5 asphaltenes content of the crude feed.
Addi tionally, reduction of the content of netals in
nmetal salts of organic acids was 10 enhanced using
controll ed tenperature differentials. For exanple,
reduction in the total potassium and sodi um content
of the crude product from Exanple 20 was enhanced
relative to the reduction of the total potassium and
sodi um content of the crude product from Exanple 6
wth a relatively constant crude feed/total product
m xture stability for
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each exanple, as neasured by P-value. 15 Using a | ower
tenperature of a first contacting zone all ows renoval
of the high nolecular weight conpounds (for exanple,
C5 asphaltenes and/or netal S3salts of organic acids)
that have a tendency to form pol yners and/ or conpounds
havi ng physical properties of softness and/or
stickiness (for exanple, guns and/or tars). Renoval of
these conpounds at |ower tenperature allow such
conpounds to be renoved befbréa Lh¥ySplug 20 and coat
the catal ysts, thereby increasing the l[ife of the
catal ysts operating at higher tenperatures that are
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pICE3 L S MG 1 ever sed and certain features 5 of

the | RYRNL{hdBa D1 indd eth iamependstdiys &iér a3, wherein
woul d be apparent to one skilled in the a%#%aft
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30-60%, or 40-50% of the TAN of the crude feed.

5. The method as claimed in any'of claims 1-4, wherein the
TAN of the crude product ig in a range from 0.001 to 0.5,
from 0.01 to 0.2, or from 0.05 to 0.1.

6. The method as claimed in any of claimg 1-5, wherein the
TAN of the crude feed ig in a range from 0.3 to 20, from

0.4 to 10, or from 0.5 to 5.



contacting a crude feed wth one or nore catal ysts at
a first tenperature followed by contacting at a
second tenperature to produce a total product that

i ncludes the crude product ,84wherein the crude product
is aliquid mxture at 25 C at

0.101 MPa, th
AT LA o OB S N
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2, wherein the TAN of ,th crude pr od

5%96cwh%um?ﬁgﬁglﬁ@6 ?1Tﬁ§ N*BY ?gegg%ﬁﬁg ?eed %&erEIH 2t
The; setbed @sc&lpbeHabnaapyref s¢kai @istrIbusieneiith a
the TAN of the crude product is in_a range from
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0.05 to 0.1. 6. The petho n.any.of c :
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aht least 60& oAt ahpstotedpnigderoRs FOTRST dMits ?Ore size
(590 -SpLAS L8 of e Eachade Iabhacand) o ane 1 35 4,
or 25 A of the median pore diameter.
11. The method as claimed in any of claims 1-10, wherein
the crude feed is contacted in a contacting zone that is on
or coupled to an offshore facility.
12. The method as claimed in any of claims 1-11, wherein
contacting comprises contacting the crude feed in the
presence of a gas comprising a hydrogen source, an inert
gas, or mixtures thereof.
13. The method as claimed in any of claims 1-12, wherein
the method further comprises combining the crude product
with a crude that is the same as or different from the
crude feed to form a blend.
14. The method as claimed in any of claims 1-13 further
comprising producing transportation fuel, heating fuel,

lubricants, or chemicals



8. The nethod as clained in any of clainms 1-7, wherein
at | east one catal yst conprises one or nore el enents
from Columm 15 of the Periodic table and/or one or
nore conpounds of one or n#Se Cblunn 15 elenents 9.
The nethod as clainmed in any of_cla wherej n at

| enstThmanethed \ag %Ja%lrae%% %Jrézvemdlr%t r%ﬁ{%ﬂ Weh a

0 e h
REOPEG AL fee 141 8111 2555 BRE, cPlat PpEbale bor the
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of _cl wher ej n, at east_one taly
e e eerd TS i frata Tl P8 3hy Befrin the
9tk SUHRST cOhpPOESS hPpdiberpatenglze distribution
have a pore dianmeter within 70 A, 45 A, 35 A, or 25 A
of the nedian pore dianeter. 11. The nethod as cl ai ned
in any of clains 1-10, wherein the crude feed is
contacted in a contacting zone that is on or coupled
to an offshore facility. 12. The nethod as clained in
any of clains 1-11, wherein contacting conprises
contacting the crude feed in the presence of a gas
conprising a hydrogen source, an inert gas, or
m xtures thereof. 13. The nmethod as clained in any of
clains 1-12, wherein the nethod further conprises
conmbi ning the crude product wth a crude that is the
same as or different fromthe crude feed to forma
bl end. 14. The method as clained in any of clainms 1-13
further conprising producing transportation fuel,

heating fuel, lubricants, or chenmicals 85 15. The
method as clained in claim114, wherein the processing
conprises distilling the crude product or the blend

into one or nore distillate fractions. 16. The nethod
as clainmed in clains 14 or 15, wherein the processing
conpri ses hydrotreating.



